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A C4I0SSARY OR ; . .. . ' .. . 

SOLID WASTES MATAG2MMT 

Agricultural Solid Wastes; Wastes produced from the raising 
of plants and animals for food, including manure, plant 
stalls, hulls, and leaves. 

Ash % The incombustible material that remains aftef a fuel 
or solid waste has been burned. 

At -Site Times The time spent unloading and waiting to 
unload the contents of a collection vehicles or loaded 
container at a transfer station, processing facility, or 
disposal site. 

3act erias Single-cell, microscopic organisms with rigid 
cell walls. They may be aerobic, anaerobic, or .facultative? 
they can cause disease; and some are important in the 
stabilization and conversion of solid wastes. 

Bio de er-cabl e ; A compound that can be degraded or converted 
to similar compounds by micro rogani sms. 

Bulky Wastes Large wastes such as applicances. furniture, 
some automobile parts, trees and branches, palm fronds, and 
stumps. 

Carbonaceous Matters Pure carbon or carbon compounds present 
in solid wastes. 

Carbon Dioxide (00 2)? A colorless, ordorless, nonpoioonouc 
gas that forms carbonic acid when disssolved in water. It 
is produced during the thermal degradation and microbial 
decomposition of solid wastes. 



Carbon Monoxide (00) s A colorless poisonous gas that has 
an exceedingly faint metallic odor and taste* It is 
produced during, the thermal degradation and microbial 
decomposition of solid wastes when the oxygen supply is 
limited. 

Collection? The act of picking up wastes at homes, 
business, commercial and. industrial plants, and other 
locotioiis, loading them into a collection vehicle 
(usually enclosed), and hauling them to a facility for 
transfer or further processing or to a disposal site. 
Collection Routes? The established routes followed in 
the collection of wastes from homes, business, commercial 
and industrial plants, and other locations. --‘V- 

Collection Systems? Collectors and equipment used for 
the collection of solid, wastes, solid waste collection 
systems may be classified from several points of view, 
such as the mode of operation, the equipment used, and 
the types of wastes collected. In this text, collection 
systems have been classified according to their mode of 
operation into two categories? hauled container systems 
and stationary container systems. 

Combustibles? YMPicus materials in the waste stream that 
are burnable. In general, they are organic in nature- 
paper, plastics, wood, and food wastes. 

Combust ion? The chemical combining of oxygen with a 
substance that results in the production of heat and 
usually light. 
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Commercial Solid West ess Wastes that originate in 
wholesale* retail or service establishments, such as 
office buildings, stores,' markets, theatres, hotels, 
and warehouses* 

Compactor ; iny power-driven mechanical equipment designed 
to compress and thereby reduce the volume of wastes. 
Compactor Collection Vehicle; A large vehicle with an 
unclosed body having special power-driven equipment '"for 
loading, compressing, and distributing wastes within the 
body. 

Component Separation; The arranging or sorting of wastes 
into components or classes. 

Oompo sfc S mixture of organic wastes partially decomposed 
by aerobic bacteria to an intermediate state. It can be 
used as a sail conditioner. 

Construction Wastes; Wastes produced in the course of 
construction of homes, office buildings, dams, industrial 
plants, schools, etc. The materials usually include usd 
lumber, miscellaneous metal parts, packaging materials, 
cans, boxes, wire, excess sheet metal, etc* 

Container; 1 receptable used for the storage of solid 
wastes until they are collected* 

Conversion; The transformation of wastes into other forms. 
Transformation by burning or pyrolysis into steam, gas, 
or oil are examples* 
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Conversion Pro duct ss Products derived from the 
conversion of solid wastes, such as heat from combustion 
and gas from biological conversion. 

Go nver Materials Soil used to cover comprcted solid 
wastes in a sanitary landfill . 

Decompo sit ion; The breakdown of organic wastes by 
bacterial, chemical, or, thermal means. Complete, chemical 
oxidation leaves only carbon dioxide, water* and inorganic 
solids. - 

Demolition Wastes; Wastes produced from the destruction of 
buildings, roads, sidewalks, etc. These wastes usually 
include large, broken pieces of concrete, pipe, radiators, 
duct work, electrical wire, broken-up plaster walls, 
lighting fixtures, bricks, and glass. 

Dewaterings The removal of water from solid wastes and 
aludges by .various thermal and mechanical means. 

Digestions The biological conversion of processed organic 
wastes to methane and carbon dioxide under anaerobic 
conditions. 

Disposal s The activities associated with the long-term' 

handling of (1) solid wastes that are collected and of no 
further use and (2) the residual matter after solid wastes 
have been processed and the recovery of conversion products 
ore engrge has been accomplished. Normally disposal is 
accomplished by mens, of sanitary landfilling . 
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affluent % <&ny solid, liquid, or gas that enters the environ- 
ment as a by product of human activities* 

Energy Recovery; The process of recovering energy from the 
conversion products derived from solid wastes, such as the 
heat produced from the burning of solid wastes. 

Ferrous Metals: Metals composed predominantly of iron. In 
the waste materials stream, these metals usually include 


cans , 


litomobil 


v so $ 


refrigerators, stoves, etc. 


Ply Ash: Small solid particles of ash and soot generated 
’when coal, or wastes are burned. With proper equipment, 
fly ash is collected before it enters the atmosphere. Ply- 
ash roaidue can be used for building materials (bricks) or 
in a sanitary landfill. 

Pood Wastes; Inimal and. vegetable wastes resulting from the 


handling, storage, sale, preparation, cooking, and serving 
of foods, commonly called garbage. 

Front ~3nd Systems Those processes used for the recovery of 
materials, from solid wastes and the preparation of individual 
components for subsequent conversion using rear-end systems. 
Functional 31 orient ? T he term functional ol orient is used in 
this text to describe the various activities associated with 
the management . of solid wastes from the point of generation 
to final disposal. In general, a functional element 
represents a physical activity. The six functional elem 
elements used throughout this bookare waste generation, 
onsit storage, collection, transfer and transport, 
processing and recovery and disposal. 
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Garbage (see Pood Wastes) 

Generation (See waste- Corporation) 

^L^aadwaters Water beneath the earth's surface and 
located between saturated soil and rock. It is the water 
that supplies wells and springs. 

Haul Distance; The distance a collection vehicle travels (1) 
after picking up a loaded container (hauled container 
system) or from its .last picking stop on a collection route 
(stationary container system) to the solid waste transfer 

station, processing facility, -or sanitary landfill, and 

(2 } the distance the collection vehicle travels after 
unloading to the location where the empty container is 

to be deposited or to the beginning of a new collection 
rout e • 


— Ttle elapsed or cumulative time spent trans- 
porting solid wastes between two specific locations.. 

Gont 0 i ne r Syst en : Collection systems in which the 
containers used for the storage of wastes are hauled to 
the disposal site, emptied, and returned to either their 
original location or some other location. 

^ ardoas Wastes; Wastes that by their nature are 
inherently dangerous to handle or dispose of. These 
wastes include radio-active substances, toxic chemicals, 
biological wastes, flammable wastes, and explosives. 

They usually are produced in industrial operations or in 
institutions.. 

'i- i. : : 



Hog leadings Disposing, of food wastes by feeding then to 
hog G. State regulations usually require that, the wastes 
be cooked to kill bacteria feeding. Some states have 
regulations making hog feeding of food wastes illegal. 
Hydrogen Sullied (E?S)s .a poisonous gas with the odor of 
rotten eggs that is produced from the reduction of sulr hates 
in, and the putrefaction of, a sulfur-containing organic 
material. 


Incinerations The controlled process by which solid, 
liquid, or gaseous combustible wastes are burned and 
changed into gases, and the residue produced contains 
little or no combustible material. 

Industrial Wastes: Wastes generally discarded from indus- 
trial operations or derived from manufacturing processes. 


i. distinction should be made between scrap (these materials which 
can be recycled, at a profit) and solid wasted (those that are 
beyond the reach of economic reclamation). 

Deachate: Liquid containing decomposed wastes, bacteria, 
and other materials and drains out of landfills* 

Litter: That highly visible portion of solid wastes that 
is; generated by the consumer and carelessly discarded 
outside the regular disposal system. Litter accounts for 
only about 2 percent of the total solid waste volume. 

Manual S epar at io n s The separation of wastes by hand. 

Sometimes called '’hand-picking" or "hand sorting", manual, 
separation is done in the home or office by keeping food 
wastes separate form newspaper, or in a revonery plant 
by picking, out large cardboard or metal objects 
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Materials Balances in accounting of the weights of 
materials entering and leaving a processing unit, such as 
an incinerator, usually on an hourly basis. 

Materials Re co ■very (see Resource Recovery)- 
Mechanical Separations The separation of wastes into 
various components by mechanical means* 

Methane (CE4) in odorless, colorless, and asphyxiating gas 
that can explode under certain cirumst ances and that can 
be produced by solid wastes undergoing aerobic decomposition. 
Microorganisms? Generally, any living, thing: microscopic 
in the size and including bacteria, yeasts, simple fungi, 
some algae, slime molds, and protozoans. They are 
involved in stabilization of wastes (composting) and in 
sewage treatment processes. 

Mo i st u re Go nt ent s The weight loss (expressed in percent) 

when a simple of solid -wastes is dried to a constant weight 

0 0 

at a temperature of TOO to 150 ' 0. 

Municipal Wastes; The combined residential and commercial 
wastes generated in a given municipal area. The collection 
and disposal of these wastes are usually the responsibility 
of local government . 

Nonfarious Metal as Metals that contain no iron. In wastes 
these are usually aluminium, copper wire, brass, bronze,, 
etc. * „ 

Off -Route Time; ill time spent by the collectors on 
activities that are nonproductive from the point of view of 
the overall collection operation# 
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0 n sit e Handling, Storage, and Processings The activities 
associated with the handling, • storage, and processing of 
solid -v? states at the source of generation before they are 
collected . 

0 rg ani c Mat a rial s % Chemical Compounds of carbon combined 
with other chemical elements and generally manufactured in 
the life processes of plants, and animals. Most organic 
compounds are a source of feed for bacteria and are 
usuall y co bu st ibl e » 

Pick Times For a haulod container system, it represents 
the time spent driving to a loaded container after an empty 
container has been deposited, plus the time spent picking 
up the loaded container and the time required to redeposit 
the container after its contents have been emptied. For 
a stationary container system, it refers to the time spent 
loading the collection vehicle, beginning with the stopping 
of the vehicle prior to loading the contents of the first 
container and ending when the contents of the last container 
to be enpt i od h a ve been loaded. 

Pollat ion: The contamination of soil, water, or the 
atmosphere by the discharge of wastes or otheroff ensive 
mate rials-. 

P rima ry Mat e rial s i Virgin or new materials used for 
manufacturing basic products. Examples include wood pulp, 
iron ore, and silica sand. 
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Processings Any method, system, or other means designated 
to change physical form or chemical content of solid wastes. 
Pyrolysis; A way of breaking down burnable waste by ' 
combustion in the absence of air. H:-rh heat is usually 
applied to bewastes in a closed chamber, and all moisture 
everapo rates and materials break down into various hydro- 
carbon gases and caronlike residue. 

Rear~5nd Systems Those chemical, thermal and biological 
systems and related ancillary facilities used for the 
conversion of processed solid wastes into various products. 
Reclamation; The restoration to a better or more useful 
state, such as land reclamation by sanitary landfilling, or 
the extraction of useful materials from solid wastes. 
Recoverable Resources; Materials that still have useful 
physical or chemical properties after serving a specific 
purpose and can therefore be refused or recylad- for the 
same or other purposes. 

Recovery (see Resource Recovery) 

Recycling; Separating a given waste material (e.g. , glass) 
from the waste stroam and processing it so that it may be 
used again as a useful material for products which may or 
may not be similar to the' original. 

Refuse; At' t e m often used interchangeably with the torn 
solid wastes. To avoid confusion, the term refuse is not' 
used in this text. 
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Re s i a ont i"-I Wa s t e s % Wastes generated in houses and apartments, 
including paper, cardboard, beverage and food cans, 
plastics, feed wastes, glass containers, and garden wastes. 
Residue; The solid materials remaining after clnple.tion 
of a chemical or physical process, such as burning, 
evaporation, distillation, or filtration. 

Resource Recovery; Resource recovery is a general term 
used to describe the extraction of economically usable 
materials or energy from wastes. The concept may involve 
recycling or conversion into different and sometimes 
unrelated uses. 

Reuse; The use of a waste material or xoroduct more than 


once. 

Rubbish ; A general teim for solid wastes - excluding food 
wastes and ashes taken from residences, commercial 
establishments, and. institutions* 

Sanitary landfills A land area where solid, wastes are 
disposed of using sanitary landfilling techniques. 

Sani t a ry L a ndi ill ing ; An engineered method of disposing of 
solid wastes on land in a manner that protects the environ- 
ment, by spreading the wastes in thin layers, compacting it 
to the smallest practical volume and convering it with the 
soil by the end of each working day. 

Secondary Material; A material that is used in place of a 
primary or raw material in manufacturing a product. 
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Separat ion; To divide wastes into groups of similar 
materials, such as paper products, glass, food wastes, and 
metals® Also used to describe the further sorting of 
materials into more specific categories, such as clear glass 
and dark glass. Separation may be done manually or mecha- 
ni call y w it h sp e c i al i z ed . equipm ent . 

Service Site or locations it residential unit, business, 
commercial or industrial ■ establishment , or other pick-up 
point from which solid, wastes are collected periodically. 

Sh redding s Mechanical operations used to refuce the size 
of solid wastes. See also Size Reduction (Mechanical). 

Size Reduction (Mechanical) ; The mechanical conversion of 
solid wastes into small pieces. In practice, the terms 

shredding, grinding, and milling used interchangeably - . 

to describe mechanical size-reduction operations. 

Solid Wastes: Any of a wide variety of solid materials, as 
well as some liquids in containers, which are. discarded or. 
rejected as -being spent, useless, worthless, or in excess. 
Does not usually include waste solids from, treatment 
facilities. See also agrcult, viral, commercial, construction, 
daaalition, hazardous, industrial, municipal and residential 
wastes • 

Stationary Container Systems; Collection systems, in which 
the containers used for the storage of wastes remain at the 
point of waste generation, except for occasional short trips 
to the collection vehicle. 
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T ransf c-r; The act of transferring wastes from the collection 
vehicle to larger transport vehicles. 


T ransf or St at ion s 


place or facility where wastes are tra- 


nsferred from smaller collection vehicles (c.g. compactor 
trucks) into larger transport vehicles (c.g. every the road 
and off -road tractor trailers, railroad .gondola cars, or 
barges) for movement to disposal areas, usually landfills. 
In some transfer operations, compaction or separation may 


do not at the station. 


T ranspo rt s The transport of solid wastes transferred from 
collection vehicles to a facility or disposal site for 
further processing or action. 


T rash i Wastes that usually do not include food x^astes but 
may include otherorganic materials, such as plant trimmings. 
Treatment process sludges? liquid and cmisolid wastes 
resulting from the treatment of dometetic waste water and 


in du st rial v/a st o s . 


Virgin Materials <Any basic material for industrial processes 


which has not pro viciously boon used, for example, wood-pulp 
trees, iron ore, silica sand, crude oil, bauxite, 

Soo also Secondary Material, Primary Materials. 

Volume Reduction? 'The processing of wastes so as to decrease 
the amount of space they occupy. Complete conventional 
incineration can raduce volume by 90 per cent; high-temporaturo 
incineration can reduce volume by as much as 98 per cent. Compac 
tion systems can also reduce volume by 50 to 80 per cent. 
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Waste generation; The act or process of generating 
solid wastes* 

Waste Sources-, Agricultural, residential, commercial, 
and industrial activities, open areas, and treatment 
plants where solid wastes are generated. •• 

Waste St ream : The waste output of an area, location, 
or facility. 



Management of Urban Solid Hastes 

By G.M, Gosh 

In India, during the post- independence era there is rapid 
industrialisation in. and around large cities. Lack of job opportunites 
in rural areas has led to fast urbanisation. One of the major ill-effects 
of this situation is unabated rise in solid, liquid and gaseous pollution 
causing serious health hazards. Greed, lack of education and foresight, 
unworkable laws, inefficiency, corruption and apathy are the major causes 
for this appalling situation. 

Urban solid wastes includes domestic , market, hospital, human, 
and clandestinely dumped construction rubbish and industrial wastes. 

Its primary and secondary ill-effects on health occur in various subtle 
forms and as such do not receive much public attendion. Efficient manage- 
ment of urban solids involves difficult technological and micro-biological 
problems. Further, the subject being non-glamorous has not attracted 
involvement of senior and creative engineers* Grinding poverty has 
compelled men and women to sifting of garbages, a very unhealthy means of liveli*. 
hood, for retrieving papers,, pasties, metals glass and other materials 
for their very survival. 

Various facets of urban waste and inten-dissiplinary subjects 
have been studied and surveyed in depth by three senior engineers and 
a lawyer for about three years. Thorough studies have been carried 
out in Bombay, Calcutta, Jameshedpur, ^elhi and Kalyan municipal cor- 
porations by visiting markets, hospitals, schools, public places, etc., 
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and meeting relevant persons who are directly involved in their 
respective work. Also some visits and studies have been made about 
this subject as practiced in ¥estem and other progressive countries. 

These efforts 'have resuted in the design, field-trial and manufacture 
of multi-advantageous garbage containers uniquely suited for Indian 
conditions. 

Wherever a living being stays or visits, wastes in various 
forms are produced. Rural and urban areas, and even areas surrounding 
Mount Everest are littered with wastes. With community living and 
passage of time, the waste problem gets aggrawated. The wisdom lies 
in adopting an effective method in which wastes are controlled and are 
put to economic use causing minimum imbalance in nature and contributing 
maximum, benefit to the inhabitants. 

In the very early days of human civilisation as far back as 
2500 B.G. in the towns of Assyria and Babylon, Harappa and Mohenjodaro, 
considerable attention was paid towards the problems of waste disposal*' ' 
Early Romans constructed sewers to carry wastes* About 1700 B.G. 
Hammurabal, a Babylonian king set up laws that governed health and fatally 
life. It is said that in Roman towns there used to be preminatly displayed 
signboards waringj. "Take your refuse further or you will be fined"* In 

* . . -V +J 

Indian sub-continent a highly sophisticated system of drainage could be 
found in Barappa and lalanda, dating back to 2500 B.G. 


Later* littering of food and other solid wastes in medieval 
European towns and the practice of throwing refuse on the unpaved 
streets, roadways and vacant lands led to the breeding of rats and 
flies carrying gems of disease which caused the outbreak of plague# 

The lack of management of solid wastes led to the outbreak of plague that ' 

killed half of the European in the fourteenth century and cuased many 
subsequent epidemics resulting in a large number of death* 

It was not until the nineteenth eentury that health control 
measures became a vital consideration to public officials, who realised 
that food wastes had to be collected and disposed off in a sanitary 
manner to control the vectors of diseases* The period around 1900 has 
been called the era of the "Great Sanitary Awakening". It wasthen that 
the factors causing the great epidemics and high incidence of enteric 
diseases were shown to be caused by micro-organisns, and a crakdown 
on sewage disposal problems began. 

In Bombay, between l r 96 and 1899 when the population was 3 lakhs, 
1,14,000 people dies of plague and 43,000 left the city. Uncollected garbage 
provided the forage for the gluttonous and ferocious rats which are the 
carriers of plague. 

The census of 1981 shows Indian urban population as 162 million 
as against 120 million in 1971# It is expected to cross 200 million^ by 
1991. As surveyed by the National Environmental Engineering Research 
Institute, Nagpur , the total refuse generated in 174 class I cities (whose 


population is over 1,00,000) alone is 32,450 tonnes per day which is 
expected to reach: more than .60^000 tonnes per day in the year 1991. The 
largest seven of. the 12.- metropolitan cities Calcutta, Bombay, Delhi, Madras, 
Bangalore, Hyderabad and lhaedabad alone contribute 18,000 tonnes of refuse 
per day i,e. 2,570 tonnes por day per city on average. Twenty-five cities 
with population between 5 and 20 lakhs generate 7,370 tonnes per day 
averaging 295 tonnes per day. Indian urban population exceeds the 
combined total urban population of Canada, France and Japan. These figures 
show the magnitude of the waste generation and i£ calls for their efficient 
management, Although waste generated per capita by 700 million Indians 
is much less than over 1 tonne waste produced per person per year by 200 
million in the United Ftates, the various aspects of wastes are managed 
well in the United States. 

Rapid Urbanisation: With rapid migration of rural masses to urban 
areas, particularly in d-sveloping countries, pollutants in the form of 
solid, licquid and gaseous wastes are being produced at an ever increasing- 
rate, This process will continue in tk foreseeable future. More often,, 
the- civic .iut'-'..riuich ;.rc not ,11c to cope up with the- increasing loads 
due to corruption, low efficiency, illegal and unethical political 
pressures, improper use of technology and paucity of funds. In this 
situation, in their own interest, the' people must become more responsive 
and fulfil their 1 duty and practise restraints and force- authorities to 
■ •discharge their part of obligation, ■ 




Solid pastes: .Lb defined by the World Health -Organisation, the 
tern "solid waste-'” is applied to unwanted and discarded materials 


rrom houses 


sweepings, commercial and agricultural operations 


c rising out of mass activities. It is a mixture of vegetable and non- 
vegetable. wastes in cooked end uncooked stages, leftovers, packaging 
of different kinds, paper?-, plastics, rage and other fabrics dust, ash and 
a variety, of . combustible and non-combustible, bio- degradable end non~ 
bio degradable matter. These materials are commonly known as garbage 
or trash* Solid .-wastes also include tree cuttings and garden refuse 
but do net include construction debris from building or rood work. 
Indian municipalities follow this definition of the word Health 
Organisation of solid wastes, which, excludes the trade and industrial 
wastes that contain a variety of materials that could even be toxic 
and hazardous. 

Solid wastes are probably the most visible form of pollutants. 
They present a serious problem because most of the methods used to 
dispose them result in some type of damage to the environment. Open 
dumping is ugly and offers home for disease carrying insects and animals. 
Its burning pollutes air and its random dumping in water affects aquatic 


life and the subsequent use of water. 

Of all forms of wastes, solid wastes pose the most difficult 
technological problems due- to their widely varying constituents, rise 
and physical properties. The minimum angle of inclination (slope) 
at which wolid waste start flowing by gravity is celled the angle 
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of repo 3©* and it plays a vital part in solid • handlin';* Since this 
factor is not well undastood by engineers, it results in poor design 
of receptacles and conveying' systems* Liquid and gases are Handled 
through closed vessels or conveying .systems either with adequate slope 
or by application of pressure and the- system works efficiently* The 
Urban solid wastes, particularly those generated under Indian conditions 
do not follow simple law of fluids. They do not contain profitable raw 
materials and the subject being not glamorous, that is the study of 
garbage handling, though very important for the society, has not 
attracted sustained attention of senior engineers. 

Categories of Urban Wastes; The wide variety of discarded materials * 
fall into the following categories: 

1. Domestic refuse: Pustriscible kitchen and food wastes, plastics, 
papers, scantlin s and floor sweepings. 

2. Market refuse: Mostly putriscible vegetable, animal and fish matters 
packaging materials and consisting of timber boxes. 

3. Hospital refuse: Wastes from wards, cabins, pantries, operation 
theatre wastes, needles, ampules, bottles, ejaculated limbs, cotton, 
gauzes,- plaster, and food wastes. 

4. Road Bweepin . : Leaves, scantlings, animal droppings, human waste and 
a variety of litter, mostly dust. 

5. Garden refuses Leaves , branches, plants, broken pets, stones. 

6. Business area wastes; Various type of paper, cigarette and 
bdid butts, match sticks, fruit peelings, leaves and paper plates bus 
tickets, carbon paper, telex papertapes, tailoring and carpentary work 
wastes* 
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7* Cattle shed and sta’ie refuse: /aiimal wastes and general 
litter* 



Cloth cuttings from tailoring shops, car repair- 


in j garages, 

9. road construction rubbish ; Barth, asphalt, concrete, dust, wood 
tines, stores, 

10. Building construction rubbish: Earth, concrete, bride, plaster 
etc, 

11. Industrial wastes: Oil soaked raps, themoplastic wastes, timber 
scantlings, chemical refuse including toxic matter. 

Wastes from any particular geographical area under each of the 
above category have their own character:. sties. They are mostly 
wet and contain a high percentage of dust and ash. 

Excreta and urine post severe health hazards and require a 
different way of handling. Therefore, it has not been covered in 
this article. It is out intention to present a separate set of 
articles, later, due to the enormity of the problem. 

The solid waste problems of the metropolitan cities of Bombay , 
Calcutta, Delhi and Jameshedpur have been studied* The situation 
in Bombay has been studied in greater detail with a conviction that 
if any solution car. be evolved for this city, the same can be applied 
to other cities with little change. 
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Per capita generation of .solid wastes under category i to 8 
stated earlier, i.e. all solid wastes excluding road and building 
construction debris and industrial wastes, in Bombay and Calcutta 
is 400 to 500 grams a day, while cities like Pune and Nagpur produce 
about 300 crams. Exclusively, the average per capita garbage 
produce in kitchens including food wastes is about 200 grams a day 
and occupies about 300 millititres when kept, in tight plastic bags 
and occupies almost double the space when kept in loose farm • 

Affluent areas produce about three times wastes per capita, compared ' 
with poorer areas* 

Table 1 shows the quantity of wastes produced by the population 
in Bombay during the years 193ft, 1971 and 1981 and the projections for 
2000 A.D. 

Table 11 compares the quantities of waste the, -ost per capita 
cost of handling a tonne of waste and the sweepers employed in the 
years 1974 to 1984. 

These figures relate to the Art at., r Bombay Municipal Corporation. 
The calorific value of re fuse at dumping grounds varies between 1100 
kcal to 400 kcal per kilogram but is generally less than 2000 Icoal per 
kilogram. 

Table Is Year, population and wastes produced in Bombay: 

1931 — 12 lakhs, 1040 tonnes; 1971 — 60 lakhs, 2500 tonnes i 
1981 - 83 lakhs, 3000 tonnes; 2000 - 191 lakhs, 8200 tonnes 
(PROJECTED) 



- 9 - 

As there was no substantial increase in either the road mileage or 
area of the city Iron 1974 to 1984 figures in Table 11 shows that there 
is sufficient scope for cost reduction and for providing bettor civic 
services# 

In 1331 with 13 lakh of people in Bombay, the daily generation of 
garbage ■ was 1040 tonnes from houses and public places and during that 
period 30,000 community garbage bins were in use and these were emptied 
daily* 

Market Refuse; Greater Bombay has over 70 major wholesale and retail 
vegetable, meat, fish and fruit markets* A detailed study of seven 
major markets of South, Central and North Bombay was made. Methods of 
waste generation and of waste handling were similar everywhere. Markets 
are strewn with vegata'de leaves, straw and leaves used as packagings 
end these often reach a purification stage in the shopping areas* 
Sweepers collect these at intervals in large basket and dump into •■usually 
broken masonarv cubicles which are maintained poorly and emit an awful 
stench. These are again filled into baskets and loaded into the trucks 
for final disposal# It is while filling these trucks, the surrounding 
areas are surcharged with a nauseating smell. In North Bombay a new 
multi- storeyed market in the place of old one has boon constructed, 
but 'garbage dumping cubicle remains in the same dilapidated condition, 
and dogs and cows are found inside the cubicle and nearby shops and' 
pass rsby suffer from the stench# The wastes are collected once or 
twice a day# 
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There remains much scope for cleanliness and installation of 
a large size metal bin of proper design that is elevated and enclosed 
and which could directly fill the truck mid will considerably" eliminate 
the stench is needed* This will help to keep the- are-a clean and make the 


truck fillin' operation far more quick, thereby reducing the detention 
time of the trucks and their cost of haulage. If these are covered 


trucks, the stench can be eliminated .almost completely. 

Hospital Ref u set The problems relating to generation and handling of 

wastes were studied extensively in eleven major hospitals that were run 
by government, municipality or privately. In Bombay, Calcutta, Delhi 
and Jameshedpur, the relevant matters were discussed with doctors, 
nurses, maintenance officers, kitchen managers, sanitary inspectors and 
sweepers* There was discontent among all concerned about the method* 
used for the storage cf wastes and their removal. The- wastes emanating 
from wards, kitchens and operations theatres are dumped in buckets and 
tubs that are- mostly open. These are carried by handcarts or on shoulder 
and emptied in masonary cubicles which are located normally in close- 
proximity of the main entrance of the- hospital. 

Some hospitals dumps their fefuso in and around public masonary 
cubicle and smaller metal bins by the side or public roads* dll 
dumping places attract crows, dogs, rodents and rag-pickers. These 
storage dumps emit an extremely nauseating stench and unhealthy 
sights. The hospital wastes are especially hazardous due to large 
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concentration of patho? ons, injection needles and the wastes from 
the operation theatre. Except for a few of the major limbs which 
are burnt in the well advertised indiner&tor, - the rest arc dumped 
along with other wastes. There have been reports that human 
placentas snd amputated arms have been found in garbage in Delhi. 

On the whole, the solid waste problem in hospitals are grossly 
neglected. 

An improved version of portable garbage bins of easily opening 
and closing: type and installation of an elevated large bin which 
could directly discharge into the trucks will alleviate the problem. 

.Is sweepers have to walk a long, distance with the refuse containers 
on their shoulders, rt will be worthwhile to have intermediate collection 
points where the refuse from wards and pantries can be dumped for 
further disposal to the large bins* The hospital refuse must be 
transported and dumped separately under hygienic conditions. 

In contrast, it was a pleasant sight to go around* the medical 
centre in Houston, Texas, where several hospitals are located , 

including the hospital where world renowned Dr. Dsnton Cooley 
performs the heart surgery. Let us improve upon our methods of the 


collection and disposal of wastes from hospitals* Comparing of the 
the technicality and high cot? of const ructio ?nd running of hospitals, 
it is neither too difficult nor too expensive to achieve this, if needed 


in graduated steps, in India. 




Of i 


nor 


area 


c o Areas; Turin; the post-lunch period and in the evening when 
e is extensive littering, the .refuse problems in busiest office 
s of Bombay end Calcutta were studied. Primarily four types of 


littered materials ver 


found* 


1. Remnants of fruits an! vegeta’fUa e.g. banana, orange, onion* 
potato peelin.; s, empty shells of tender coconuts <md their cuttings 
and the restaurant garbage* ‘There- are normally trown in baskets 
kept causally and perf unctio rily by the vendors* Hie hotel owners 
and vendors engage urchins to throw them into the municipal dumping 
cubicles which are infested with pests and animals® 

2, Paper and leaves used as plates for serving the eatable by 
the roadside vendors, cigarette and beedi tips etc* 

3. Floor sweepings which contain mostly paper, small and large and 
rolls of carbon -..papers* 

4, Tiitber scantlings from machinery packa? ings and shavings from 
carpentry work* 

Those litters keep on spreading due to the- passing cars and the 
wind* Sho-kce-pers have repeatedly told us that duo to open garbages, the 
gutters get choked often causing overflow of filthy water* Some of the 
areas are extremely unhygienic* 

Though the municipal sweepers keep on working at regular beats, the 
continuous throwing of garbages makes it impossible to keep the places 
clean. With the installation of garbage- bins of improved design at 



convenient places, their upkeep and regular clearing of garbage by 
by civic authorities and by continual education of the public, this 
problem can be reduced considerably* 

Railway Station : In Bombay over thirty laid people travel by local 
trains daily of whoa a vast majority board and ali ht at Ohurchgatu, 
or Marine Lino stations on the Western Railway and Victoria Terminus 
and Has j id stations on the Central Railway a 

Spitting, littering and urinating are three major evils found 
platforms and filling their discarded bamboo fruit basket with litter. 
Most of the suburban stations do not have any dust bins , although 
there exist several prominetly displayed sign boards asking passengers to 
use dust bins* In major stations, large baskets like the dust bins 
are provided which are inadequate. About two years ago a number of 
floornaounted small swivellin. dust bins were provided. Unfortunately, 
those were found out as an obstruction to the traffic at rush hours end 
were mostly used as spi toons. Column mounted swivellin duet bins were 
also provided anc 1 were found to be more effective. 

To combat this littorin problem, installation of a large number 
of properly designed .wall-mounted- bins is necessary. On the platforms 
of long distance trains and along the truck funning in densely populated 
areas one will experience smell of urine and human excreta. In Victoria 
Terminus and in the Dadar main station’s railway platform, slum dwellers 
use the toilets of the wating train. Adequate facilities and constant 
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■public edncwtion for proper use of railwaj; platform and not throwing 
anythin.', out or train compartments will keep both railway station its 
neighbourin: area and track clean. 

Scientific and efficient handling o " sll stages of solid 
rv: fuse is culled solid waste managimeah, The problems associated 
with the management of solid wastes in today’s seci ty are complex 
because of the. ever-increasing quantity and the diverse nature of 
wastes rapid development of urban areas and funding limitations. If 
solid waste management is to be accomplished in an efficient and. 
orderly manner, the fundamental aspects and relationships involved 
must be identified and understood clearly. Different stages through 
which Solid Wastes pass. 

Storage at source and carting: The garbages from houses, markets, 
hospitals, schools, parks, railway stations, eating houses, hotels 
and road sides are stored in different receptacles* These wastes 
cannot be stored for Ion.'; at individual place because of their bio- 
dsgradiabdlity and putrescibility and they must be removed daily for 
disposal* 

it most cf these places normally, open buckets with lids are 
provided. These are not used as it "requires operation by both hands# 

Some house-holds have tried buckets with foot-operated lids, but these 
do not work for loro-* These buckets are made either of polyethylene or 
galvanised iron* Polyethylene buckets break after some time and galvanised 


m. 
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buckets either xu*tb* hnm\ r , 

7 A Lvta stolen wh£n used in public places. 
From individual small bine are reb-o . 

■ ^ « larger confer 

6r often without a lid which is made 


- of polyethylene that does not 

lonp. These larger buckets are normally carried on shoulder by 

*■* u ® swoeofcr-g and durin *■ ■Hi--'- „j. ,, 

~ va© ijurioundj^.; 3 get filled 
with nauseating mell ;acd the/*, _ 

- ' - -• xn ‘'hfc process of putri— 

i action mo sblv tin der ph i— ? ~ . 

. cneiolac condition,. Quite often these Tn 

are heavy. The load should not exceed twenty v*. . „ 

J i-LO; .i&ins* rurtVr 

6 ^ ° f these *>**. hurts the- shoulder. 

coroe nete . ^ese are owned by the municipal 

i -on end are located in outlie olaces The-, . 

_ ++ ... • * These need serious 

ra^it “ tfcCEE ^ ^ P6StS ’ ^ S ’ *** ~ and 

XT comtry ^ hot ’ “ ion - - — - 

cotamonly used receptaoles are nude either of natal wire nosh 
or corrupted shoots with annlo, t 
steel ol t t • °° merS ^ 

oa plates. lop and base of these bins --re 

+M , ' w usually open. In Bomba v 

thicic cylindrical steel biro 

, tex o:Ln s with open top and hn+W 
T _ 1 M ottorx are commonly 

used* Usually three t m , r. 

j nxw.e cypts oi ma senary re^nfonno 

- receptacles are used, ithree- 

siaed open ffl a.sonry enclosure, a three- ^ 

d d coversd ^closure or a 1,- W( * 

vore enclosure with one side - fully 0 p-n and ' • ' AG 

type openin,- for d„npW , ^ ^ 

" dropping garbages. Tyoical r e . 6 nt~,i - 

nse suffer f TOm the seme • ’ ^ P^aontly ip 

" aefe ° tB “ ^ ospecitOly ^ ,. r 
%eS m thTO “ « «» aoor and ranaln s^ 
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The 'bins being open, the areas surrounding the bins and cubicles 
become "try filthy an 1 sadly. The users do not like to go near enough 
to the bins and as; a result, th; refuse is clumped '"oth inside sad outside 
the bins or cubicle and the users keep on dumping refuse farther and farther 
away from the receptacle .and in a short time' the -whole area gets badly 
lit bered. Duo to poor maintenance, most of the cubicles and bins are- 
in bad state* , Garbage is dumped during any time of the day end even at 
late hours at night. No sooner the garbage is dumped, rats, rodents, 
bandicoots, crows, hen cats, dogs, pigs, goats cows and also human 
brings feast there. Thereafter rag-pickers start their work* There are 
about 4000 such collecting points in Bombay. Contrary to their trade 
name, thv> rag-peikers do not pick up rags? they collect only largo 
sisod plastics, paper, glass and metal-pieces* 

Collect ion and transportation i Lorries and tractors are used for refuse 
collection. In Bombay a ream of sis motor loaders with a junior supervisor 
move in a vehicle with a driver and an assistant. The loaders emply the- 


refuse from the metal bins on the ground and by using- 'rakes they fill 
their baskets. The garbage from these baskets is dumped into the vehicles* 
Although under . Indian conditions, municipalities arc expected to collect 
refuse . twice a day, the vehicles come only once a day or once in two days. 
During the lorry loading operating, the entire area is filled with 
stench. The system of tilting of bins .and filling the baskets by raking 
over wide area is very unhygienic for the residents and the passer-by. 



~ 1V “ ° nC ’ ,0r ° 80 f ° r the *0 «c ^=P 0 ,_d severely 

to those unhealthy conditions florins their entire wotfcin llft . 

In other cities open-top masonry cuticles of different desipns 

are used all of which call for improvement. 

Municipal rarba/^c firpf in 

" i---t xn romeay comprises vehicles which 

are of better florfen oafl have a stool body which can he cleaned easily. 

” M ' haS0 ™" er ° f ° ODtTaCt *!« -den rodies *** cannot 

-o cleaned properly. a „ twenty compactors are in use by they are 

very costly to Purchase and maintain. The trucks are open at the 

bade and all contract vehicles are o P en on the top as well. These 

arc, contrary to sanitary requirement.-. Q a. - 

rs requxrw.mc.nus. Sometimes, refuse on the trucks 

are covered with tarpaulins a method w m h ■ . 

Uch has 801116 Cerent defects. Th 
chicles need to be, washed daily f or sanitary r 

practis, h- w ■ " saiu ^ I ^ r reasons, a standard municipal 

practise which is hardlv f rt m 

, + „ , . . - ■ 7 ±On ° V0d ^ ^ Calcutta and Dell,! dumpers 

W1 •' <w3r ®^ 10 **#**>$ devices, are used. 

^ ° Crtalp “* ° f Delhi, Hyarocon 

' IlP *° arC " SSd * ^ ** ^ lurfe metal, bins are used 

as roadside rooeptaoles. mied those bins ope at a time are 

aechioni cully loaded ever the chassis of a truck which i f 

Cx - l ‘ mich -T-s emptied by 

hydraulic tip-aiw Weri . (>n ... , . ‘ 

■ s ^ Soa!a -h o umpm ■; '-roun.t. tv- cr - 

Tr , . , -' x " ih^so arc expensive 

; - the hydr, untie system is difficult to maintain. 

-cfu- c T'^ 13 ^ ^ ^ ** of collecting 

the ^ 30x130407 — «•* . 

3 th ° ^ householder is not involved in b- , 
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collection process. 70 be effective., the. refuse fins in the promises 
must be of ouch design that the residents should not bo inconvenienced 
by stench, ugly vi-.ht and health hazards, Unfortunately, neither munici- 


: alieies, architects or builders have 


SO li\T 


dhgigaed such 0 . receptacle. 


Such •?, d.osi; r. nov is available and with ice help the house- teahouse 
collection can bn, made effective, benefiting the municipality and the 
re aidant. Though storage of refuse is an inescapable function, it is 
sal don riven adequate consideration by builders and designers. In the 
planning- stc:-;o of homes and other buildings design consideration should 
- be so as to minimise refuse handling within the Hiilc-in.- : • rd to naxiniso 
the efficiency of the collection system. Littering is always associated 
with inadequate and poor storage practice. 

The Environmental and Hygiene committee (1940) of the government 
of. India has recommended that municipalities and other public bins 
but also from individual houses. Thus the central government has 
approved of house-to-house garbage collection system. House-to-house 
garbage collection, will result in a simultaneous reduction of public 
bine. 

For the last four ye re, this system is in operation in two wards 
of Bombay end has met with .partial success. In those wards, each new 
house has to build a refuse cubicle at a convenient place clo-^e to 
the entrance ox the. building compound . as . per municipal specifications. 
Being incongenially designed, those cubicles sro not used. Those being 



- 20 - 


used tare some Inherent defects. Instead, refuse ft* the houses ere 
cither dumped into municipal tracks which stop at some point, wi- 
the soundfe of hells or in public fefe bfe or clandestinely 

“ &C ' Et ° f “““ £lse '= •»"*. the collection vehicle pisses 
tm-ouph a specified route and cmCKuly at a specific time, which does 
nob permit no Go of the rpclri^f ■<- + 

w X c-bXu6xxCs Go r W-- - , 

ca& &*r.:«ga ill the truck. 

Unde ? thi? situation the dumping of p £ rb— t-w n 

* i. l: . ji fe aiD« fa « takes pines either- ir 

the community tins or in the_ o P en. bo make the wo*fe of hluelto- 
? .°uee ^ collection successful oven two or more houses fell, 
oan Watty keep a eommunlytin in their premises by rotation. 

This method of collection was thought of even in the thirife 

^ tfc ° B “ blyHmi ° lpait7 ’ «* ayain it stressed that «*. 

system should be fully implemented. In the Western i,« 

_ X>r - astern Cxtxes except in the 

" " ° f cltltoS tbis system is widely prevalent ' -'Wr* •? 

keep their > ' villa, .es, peop 

cp their garbage in plastic ha^s it mi*** r 

1 T . '- a o s .ac roadside on sh&cifir-rf ni .oo 
n . , ■ . . t>p~ciiiea places adjac 

- —ays. on specific days of the week fe at the appointed time 

n<= Dags arc collected hy the vans «+•* a- 

y 10 0± respective local bodies 

survey of World Bunk has sfen that people do not tikel 

walk more than 50 metres for dumping refu- The r + : 

" u ■ USv * Thfci distance is to ho • 
greatly reduced for Bombay, considerin'- +h , . 

f . considcrane the shocking state of our 

-ooopamGns - nd cvcr^rirtinr- v* Vt r»v>i .. 4. .. 

■name, VvMactilar traffic on thv, 7*0 -do t+ ,• , 

, . x1 ^ i0 '-:*ds. It is human 

nature to follow the path of ip r «+ , ' 

i - -iu - 01 least resistance ^nr? . - 

- ^ “' ce taut- is one of the 

' ° rS " 3 r6SUlts % ^discriminate throwin'; of the refuse, On 

contrary, if facilities are given first f+ " 

t en urst ..and afterwards the law 


r% 

<.1 - 



strictly, the desired result will be achieved, 
done in Singapore to mtske it the cleanest city in 


'there is no single method which is suitable, in ail situations* 
Dv-pcadin*-. a;. on the avail, bility of land and its topography, economic 
yb.bility, available technology and social conditions, any one or 
m o' e c : the following methods could' be used: (l) op® dumping 
(2) controlled tipping or sanitary land- fill j (3) incineration with 
the without power generation] (4) composting; (5) bio? 'as generation. 
Open dumping ; Refuse is dumped in low lying areas partly as a 
method of reclamation of land but mainly as an easy method of disposal 
or dry rufu.se* As a result of bacterial action the refuse decreases 
considerably in volume and is gradually converted into humus. Except 
for a portion of Delhi in the recent past, all Indian cities including 
Bombay and Calcutta are using open dumping for well over 100 years. 

In Calcutta the reclaimed land is leased out for cultivation* 


In Bombay there are five notified areas of low lying marshy creeks 
set aside for the purpose. 'These areas are Hahim- Sion creek at Dharavi, 
Dsor.ax— Govanui creek adjacent to Chtiubuy, Chincholi at Malad, Gorai 
at Bcrlvli and Thana creek at Mulund and cover a total axa of about 
450 hectares. Construction debris are ‘also dumped in these areas. The 
heaps of garbage and construction debris, if any, are levelled by 
bulldozers from time tc time. The drawbacks of open dumpin' are: 
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(l) the refuse is exposed to filed and rodents, (2) it is & source 

' • - • • i 

of nuisance from gnell end repulsive rppoarncnce, (3) the 

loose refuse is disposed by the action of the wind and (4) serious 
pollution of surface and underground water. 

A WHO Export Committee (1967) condemned duapin as "a most, 
insanitary method that creates public health hazards and severe 
pollution of the environment. Dumping should be outawed and replaced 
by sound procedures 11 * , 

With fast expansion of class I cities, particularly metropolitan 
cities, new housing colonies are coming up close to the former dumping 
areas and particularly for this reason dumping ■ should be discontinued 
in a phased manner* 

Controlled tipping or, -Sanitary land-fills. Controlled tipping or 
sanitary land-fill is the most satisfactory method of refuse disposal 
where suitable land is available nearby. In this method the garbage 
is levelled in layers, compacted, and covered with earth. Depending 
upon the condition of the site any one or more of following three 
methods art used: (l) the -trench method: (It is chosen where level ground 
is available). (2) the ramp method* (for moderately sloping terrain 
this method is well suited). (3) the area method: (It i-s used for 
filling and. depressions* 
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Bactcriolpcic'al, chemical slid physical changes occur in huricd 
refuse, the tunaereinre rises over 60 deer o 0 within 7 days and kills 

all patho-- eas end 3"’ t:ns the decomposition process which requires 4 to 5 

north*;* Tills method . $ boon revolutionised by mechanical aeration. 

The smi'C: ;; land-fill nthode was first tried in England in 
1316., Now lork. city end Fresno, Cali fo main experhaentect with the 
method in 1330. By the end of 1943 nearly one hundred cities and by 
1959 more than 1400 cities in United States adopted this method. 

Oooaunitie s in the United States have boon encouraged to use 
sanitary lane- fills for the following reasons: (l) The equipment required 
to operate is relatively inexpensive and can be used for other municipal 
operations as well. (2) They reduce 'rodent breeding, a nuisance 
found around incinerators and in open dumps. (3) They avoid serious 
health threats represented by open burin, or dumping. (4} They can 
be put into operation quickly » (5) They can bo used to reclaim swamps, 


marshes and gulches* 

The sanitary land- fill method of refuse durapin; : is suitable 
and. adaptable under Indian conditions. Precisely located and fully 
operated lend- fills may even enhance' property values. The ImerLcan 
Society of Civil Engineers has formulated the following definition 
of a sanitary land- fill. This also helps rrentaLy to distinguish 
from ordinary dumps being called "Sanitary land- fills". 
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• "Sanitary land-filling is c. method of disposin ' of refuse on 
land without creating nuisance or hazard to public health by 
util it in: th,: principles of t»flr\B©rinc to confine the refuse to t, 
the smallest practical area, to reduce it. to thv. lowest practical 
volume, 011 a to cover it with a layer of earth at .the conclusion of 
each day’ s operation or at such more frequent intervals as a/y. bo 
necessary" • 

Incineration ; Refuse can bo hygicnically disposed off by burin r or 
incineration* Though -by this process 90 per cent volume reduction 
is possible it is capital and energy incentive and can cause severe 
air pollution. Majority of Indian -arbor© is too wet and contains excessive 
dust. In wet- season, the refuse is almost drenched witfcr water. Its 
low calorific value, which is morally less than 2000 » heal per 
kilo -ram of refuse, does not permit self- sustained buring in an in- 
cinerator* Only hospital refuse, which is particularly hazardous, 
is best dispoed by incineration. Incineration is widely practiced 
in western countries in multi etc r eyed' r- sidentiai buildings, but 
there is wide criticiaa of these decentralised incinerators as a 
cause of air pollution. Since the refuse in V/est lias a much hi: her 
calorific value, comuni ty incinerators function reasonably well 
and some of these, even generate power. In Bombay four incinerator's for 
buring human limbs, dead rats and highly contagious hospital wastes, 
are located at Haffkine Institute, J.J. group of Hospitals, a group 
of T.B. hospitals and at Worli* 



Comuos t in-- : Ccnpo 
fibrous part of the 
remains of plants a 


st is C: rich and balanced kind of humusj the 
soil which is fanned from the decompo rtiblc 
nd animals* In the natural state- this decomposi- 


tion process hficfcs place-, slowly* Coapo-stia; is one of the oldest 
methods of diopooin- of solid wastes known to ram. Fox- centuries 
fanners have beer., spreading human, animal and vegetable waste on the 
fields, returning organic matter to the soil, A working definition 
of refuse composting is the aerobic, thermophilic degradation of 
putriscible material in a refuse by micro-orr-aniaa* 

W indrow method of Composting; There are two methods of composting. 

One is the windrow method in which garbages are heaped in rows and 
mechanically turned over* This method is most economical in running 
expenses though it requires larger areas and 3 weeks for full composting 
The f • r i Municipal Corporation is operating a Windrow Composting Plant 
of 150 tonnes per day capacity. The plant has been locally desi- ned 
by engineers of Delhi .Municipal Corporation, The entire area is very 
clean and there is hardly any stench or fly nuisance, Tho compost at 
the plant is used for the gardens of Delhi .jid the surplus is sold to 
f ..risers* It is he rtcninp to know th t the compost of the unit is fully 
booked. World's 1 rgest windrow compost pi nt is Nothcrl end's tM, or 
Waste Treatment Company, at Wij aster which receives about . million 
tonnes of refuse A year* Piled in long windrows, some of the refuses 
gradually decomposed in to compost, After inert items are separted. 
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the compost totcllin:;; rrpprosia^tcly 1,25,000 tonnes a year is sold 
for farm and warden use's* 

Mechanical, comno sting: Mechanic:!, compost" plant uahancoa the Mo- 

der radation process to such an. extent th.i it is completed within 7 
d ys or so compared with sever.:! weeks under open atmospheric conditions* 
In this process, the refuse is shroded and spread over a large area 
end air is blown through the mass for rapid aerobic decomposition or 
refuse convertin' the spme into compost. The shredding machine is 
very capital-intensive and costly to maintain, as Indian garbage contain 
o. hir;h percentage of construction debris and other non-biodevrad iblc 
refuse. 

Bo mbay* s Mechcnical- compost plant; In Bombay ct JSoonar, 300 tonne per 
day (16 hours) mechanical, compost plant had been in operation. The cost 
of this project was initially Rs..* 121 lakhs end on completion the cost 
went upto Rs. 149 lakhs. Production in 1982, was its peak 9,000 tonnes 
of compost. There ore nany desim construction faults in the plant. 

Its production was hampered due to the presence of a large quantity 
of glass end ceramic pieces. Hypodermic needles were also found in 
refuse. Find product was not accept ..bio to the farmers duo to 
presence of glass and ceramics* The functioning of the plant also 
suffered due to high input cost and high operation.! cost. There were 
technical problems, primarily due to the breakdown of rasping" machine 
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Py mlvsisi Technically pymlysi s is a destructive distillation, 
carried out at hi~h taap&raturo obtained with carbonisation, in tho 
absence of air by the application of indirect hec-.t; often the tern 
thermal decomposition is applied. 

Pyrolysis can convert dry wastes, cellulose and contaminated paper 
into usable fupls. With partial combustion, fuel eases can be 
produced. 

in the past this process has been extensively used for tho 
manufacture of acetic acid, methyl alcohol and turpentine oil from 
wood. In the Western countries, the refuse has also been tried as. 
raw material. There the quality of refuse is entirely different from 
ours., and those contain him percentage of cellulose and is relatively 
dry. But Indian rarlxy, is too much hetorope-neous, wot- and contains 
lot of dust, ash and ceramic and construction debris end as much 
pyrolysis is unsuitable. 
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Methanol Plant s A scheme for setting up &v 73 croxo, 100 tonnel/ 
dc.ymethc.Kol plant has been sanctioned in Maharashtra which will be 
located at the premises of Hasb.tjm.ya Oheraicals and Fertiliser at Chembur* 
Befoxe committing to this expensive scheme of handlin' refuse it is worth- 
while studyin- garbage in detail and test it in a laboratory or a 
tiny pilot plant to obtain data on various aspects of tho -process. 
Experience obtained from these tests plant car. be compared with compost 
plants not only in Bombay and Delhi but with plants located at other 
areas of the country, Prirna facie* pyrolysis of refuse or its 
conversion to methanol is extremely intensive in its requirements 
of capital and operating costs, .. 

Bi o - G o. s Production;! Anerobic decomposition of Organic materials 
produces a gaseous mixture of methane end carbon— dioxi do which is 
popularly known as bio 'as. The . vegetable refuse from the cities 
is a e'ood source of biotas, Experiracsntg are being carried out at . 
various places about biopas generation by using vegetable matters 
but as yet no commercially vi-ble process or plant has been developed 
while the biopas plant in cities may not always be attractive, in rural 
areas its aqueous affluent that is rich in fertiliser can be used 

:■ : ■■■■*-■ ...■ •' /:/■ ■ -r.- ; .. r :■ ■: •• • ••• • " • : . ' " .'. • V ■■■■ . ;/• " ■■ 
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in the farms,' 


Burial t By this method, a trench is dug and refuse and,, earth mire 
dumped, in alternate layers, After four to six months, the material 
gets composted and is usable. Upon filling of one pit, another, can be 
dug. This process is sutiuble for small communities. 
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Hcttle Feeds- Kitchen .and market- wastes can be 


processed into nutritive cattlefeed, provided toxins and unacceptable 
inerts art excluded. !2xcel Industries Limited in Bombay is converting 
their canteen waste - into feed for pi. s. 

Con struction De bris: This rubigh emanates from demolition, alternations, 
repair and construction ox buildin. s and repair of roads and underground 
work of telephone, electric lines, water - works and sewage system. Dug 
to lack cl' co-ordination -and heaped. These keep on spreading, 
aff acting mostly pedestrians who arc a Iready facing hardship due to 
ill maintained end crowded footpaths, as per rules the producer of such 
materials is required to remove and dispose the sane in designated places 
•assigned by respective municipal wards® The practice is unworkable 
portion of rubbish remains unattended for long, A considerable portion 
for rubbish finds its way into storm water drains thereby choking the 
sower system,&fain the pedestrians bear the -.maximum brunt of this 
situation. 

For new construction or even for repair and alteration to 
buildings, no row materials, namely sand, a"' re pates, bricks and iron 
materials should be allowed to bo stored in public places. ’The materials 
except very heavy cad Ion? ones get strewn all over the areas 
causing traffic and dust problem. A substantial portion finally passed 
to the storm water drainage system. 
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I ndustrial Wastes: Bombay has the largest concentr. 
in India, While some- pollution is inherent, its cl 


tion of industries 
ateraent is also 


possible by industries themselves, whether hie; or tiny* Thou'h there 
arv. enough government and municipal rules for * ood upkeep of the 


xndusunos. 


c visit to any industrial ar .a will reveal the way these 


•V 


riles are ignored* 111 concerned arc to bo blamed for this malice* 
Every industrial area is filthy, strewn with all sorts of wastes. 

Some of the dumped materials ore of a toxic nature, ils Those 


contain some salable materials such as small metal parts and scantlings, 
rag-picker.s are always found scattering the dumps to have their picks* 
Wien dumps become too large, those arc set on fire making the entire 


area smoky and dirty with fly ash, Hie partly burnt materials finally 


find their way into the open gutters, which causes obstruction to How 
of water resulting in temporary flooding even during non-monsoon days* 
Even for the large industries, the front is kept beautiful, and the 
rest end the rear present a dismal sight. 

Hu man Wastes; -Since independence, for betterment of one's prospects 
there has been tremendous population migration to the large cities, 
particularly to metropolitan cities* This process will continue for a 


long time. Host of the poor migrants live in the slums or on footpaths* 
Over. 50, per. cant of 85 lakh people of Bombay live either in slums or on 
footpaths or in the open where toilet facilities are cither scanty or non- 


existent. fny open space is therefore used for excretion and urination 
causing health hazards, particularly to the children. Even the heart 
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engulfed with this 
■din?- ■■ground for mar 


problem. Human excreta provide the 
iy hazardous' pathogenic organisms, 


viruses, b-.-.ct 
human tody. ■ 
through water 


ri;, protozoa, hclminthes etc., all of which effect the 
icro-c anisras are a potential source of infection, cither 
pollution or through food. 


An aver re person produces about 0.25 to 0.35 of faeces ana 1*00 
to 1.3 litres ox urine per day. Thus about 5 lakh, tonnes of faeces and 20 


lakh tonnes of urine are annually discharged in the open in Bombay* This 
is a potentially valuable waste for its conversion into biogas* A low- 


cost, public toilet that is low in its requirements of water, without 
being connected to sewage system and a matching bie-gas, plant have 
been designed which will be tried soon. This toilet will neither 
pollute the underground water with pathogens nor the ground with 
bacteria or hook work* 

Generally all cities and particularly Bombay , offer livelihood 
to ablo-bodies and willing persons. It is estimated that 300 to 500 
persons from far anl hear are migrating to Bombay daily. Host of these 
people are from very poor sections and they arrive ns destitutes. Mot 
finding gainful employment, they start picking up papers, plastics, 
metals and timber pieces from roads, garbage and industrial wastes. 
They continue this work as no prospective employer hires a person 


without any reference. 
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Although they arc called rag-pickers, they do not pick rags* 

They pick, reasonably- sized papers, plastic, class etc. and leave 
alone the rape that are made of cloth. From early hours of the day 
till late hi ht, they are found moving .with a gunny bap and a stick, 

■While retrieving the materials from public bins. Cubicles and open 
dumps, they scatter the garbage# Soma civic minded people throw 
their garbage in plastic and paper bays. These men end women recover these 
bags by emptying than and litter the areas with their contents leaving; - 
the area filthy, .-fter collecting such materials they m-.et at some 
convenient place on the roadside for grading their collection. The entire 
process is vary unhygienic* These- people art. themselves carrion of 
diseases. Threaftor they carry these assorted laateri.JLs by train. On 
the Eastern side of the Grant Bo ad Station in Bombay where there exists 
a big market for these filthy materials. ^Ono can notice men end women 
with head-loads of such materials moving in quick succession. There ' 
arc- such shops in other areas- too. If municipality does not permit 
operation of these * unauthorised -shops, rap-picking will considerably come- 
down end eventually it will reduce the number of migrants. 

These rap-pickets earn between 20. to Rs. 30 a day for 10 to 15 
hours work. The papers are sold between 50 paise end a rupee per k:.., 
glass 50 poise- per kg., end plastics Rs. 3 to Rs. 4 per V-; . Getting 
the idea from rag-pickers municipal loaders and private sweepers of 
residential and office areas also collect of the assort papers and store them 
below and in the comer of the staricase and at the back of the buildings. 
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turin • ’chuso ot?,s . as don of cockroach, lizards etc. The re sick rig 
of dws-llin. s and office owdors should inspect their huilddng-s and stop 
this bad Practice' of their sweepers* 


•1 c. ' L' 


* t 


ai-at Co ; liiare of iiiadoquat-G facilities, unworkable 


laws, inefficiency .aid lack of enforcement of the authority, citizens 
n.o li cnee about social r sppnsibility and of their own health kwo led 
to this situation. The process has to he- reversed. 


Solution s Given adequate and effective facilities, people will co- 
operate and be receptive to the introduction of effective technical 
innovation based on critical observations and sociological roq^irments* 


Installation of facilities 'coupled with enormous patience when dealing; 
with the public will produce the desired results* Siagaprc is the world 
cleanest city on dBosn bay’s Geisha Bus .hopot is an oasis in the desert 


of filth. They became so by providing adequate facilities and insisting 
upon their use. The city of Singapre first provided adequate number of 
latrines end garbage bins and then authorised police to take stm 
action against violators* firmness does not work unless there is 
fairness* Sirrmogg without fairness loads to apathy and corruption. 

In Bom’ny the function of nuisance detectors of the municipal corporation' 
and Bombay Police- who have authority, un for law is totally ineffective 
as facilities either do not exist' or re -rossy inadequate, is a 
result violation of rules is on the increase. Adequate facilities are 
of immediate necessity • 
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Public education & co-opera tion i imy public work which bee a sociological 
inpact can lx effective only- with tc-fn^l-xlcal innovations based on 
public needs* Tiles, regulations and 1c :al actions can have little 
effect without adequate and proper facilities* T,-~kin-' people into 
confidence and patiently oducatir. • tt>> people for improving their awareness’ 
of the problems will achieve the desired results. The press, television, 
radio, educational institutions especially schools, forward looking 
citizens and philanthrophic organisations can play a significant nolo* 

For carrying out this important and gigantic work, help foxn one . 
and all is needed in the form of cash and kind* Efficiency for ell 
aspects o.f work related to the management of wastes has to be increased* 
Any scheme .evolved end found effective in Bombay will bo effective 
not only in India but also in other developing countries* lot us face 
this* Bombay 1 has always been a leader in civic matters, thanks to its 
reasonably ' al’crt municipal officials an d Staff in particular and 
enlightened' citizens in general* 

What' has been achieved t The need of the -city is management of its 

solid wastes from health end aesthetic considerations* . . Effectively 
designed emmunity garbage bins and low-water low-cost public that do not 
strain the sowa-x system arc most needed. The design of such community' 
garbage bins was 'taken up as its -first project by ’UTILITY', a volmtory 
association of three engineers,' -a- doctor end a lawyer, Takiav various 
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Into oo n si de-rut ion , 


comm unity ycrbopo tin designed from the 


out 


j.n uG r. so 


M unicirol Cor .oration • 
areas into a clean area 


in January 1382 with tho approval of Bombay 
It helped transform previous ear’ -are damp 
to In used as r, badminton court. With the re- 


move! of th*. bin. tin. are again become dirty. 

T iith tin cerperienoo gathered from further oxporimeatation with 
different types of = srbagOy ten eecperianental multi-advantageous community 
bins were installed in various places of Bombay* The users as well as 
municipal loaders found these easy to use. 

Small kitchen bins and large steel bins for use by markets and 
hospitals from which refuse could be directly dumped into the truck 
have boon designed. After studying the pros and cons of low-water, 
low-cost public toilets being experimented in India and in various 
South-East Asian Mid some African countries., a design that will be 
most suitable to Indian conditions is under preparation taking care 
for preventing pathogen and bacterial contamination* 



- D r . S.R. Shukl a ** 

The solid wastes management of a city would normally include!. 

— refuse collection 

— street ciaansind and probably gully emptying, 

- refuse disposal 

- administration: budgetary control, 

Wages stores, statistics. 1 

In developing countries it has been found th at' the 
operation of all these services absorbs fro m ”2 to 5 m a riUal 
workers/ 1,000 population a nd one heavy rotor vehicle for 
about 20.0 00 population. In certain countries the high ratio 
of ranu a l workers to population- arises through the employment 
of a large proportion of the workforce on street cleansing: 
this is so ret ires,, be cause of enfficient sweeping methods but 
often because of inadequate refuse collection services, a 
consequence of which is that a significant proportion of 
dorestic and shop wastes are collected in the form of street 
refuse, 1 

It is probable that in rost cities, given good rethods 
and sound ranagerent, efficient services could be provided 
with a ratio of 2-| to 3 manual workers/ 1,000 population. 

Even on this scale, however, the labour force to be 
controlled is very large, about 1,000 ren for a city of 
400,000 population. The effective dap Toy rent- of so m a ny 
workers demands that day-to-day control should be decentralised 
into partially autonomous groups, each headed by a leader of 

’’ ** •; •. - •*' / ... 
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* Reference: Management of Solid Wastes in Development 
Countries by Frank Flintoff.,, v W»;H*0»i 

** Assistant Adviser(PHE), Ministry of Works and Housing, 

New Delhi.! ' ..... 



suitable quality and training. 

Thus the basic organisation- for refuse collection and 
street cleansing shouls be a group _of about 50 workers 
controlled by an Inspector. The size of this group can be 
greater-^" 100 or rare in densely populated are, but for 
these larger groups the inspector requires an assistant,' 

The are controll d by a inspector can be called a district 
in a city of medium size. A sub - district in a big cityj 


It Is sound management principle tnat middle and 
senior management should control no more thanfive junior 
tran age rrerit units* In 1 rge cities, therefore, five sub- 
di st ri ct s woul d form oraa di st ri ct s he ade d by a Di st ri ct 
Supervisor, five districts would forma division headed by 
a Divisional superintendent. At the. ha ad of this hierarchy . 
will be the- officer responsible for the operation of. refuse 
collection and street cleansing within the solid wastes . 
management department,' - : : :- 

Such an organisation cannot operate efficiently without 
a physical infrastructure of the following kinds* 

~ su i>» di st ri ct depots in connection with transfer; 

T £ stations) yd' - ,: V \ T ' : 

~ district offices ; - 

- divisional officer-( in large cities)? 

- central offices for senior management of 

- the various branches of solid waste services,! 

Qualifications for Management: 1 


In a large city the director of the departments and thi 
assistant director should be engineers of a discipline 
appropriate to their main responsibilities, ■" for example: 

Operation - Public health engineer 

Mechanical services- Mechanical/alectrioal engineer 
Sanitary landfill- Civil engineer 

;ion- Commerce graduate or economist 
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For the operational control of refuse collection and 
street clean si in- g solid wastes management technicians are 
necessary, having a basic educations, to high- school standard 
and a diploma. in in solid wastes management , 

L abour Halations; 

A major pro bleu' of man-management is that of maintaining 
the interest of the average worker in his; dull and repetitive 
job, Highproductivity can be eahieved only when motivation 
is good and some measure of .creative satisfaction is provided. 1 ' 

ThG best approach is that of regular consultation with 
the worker in ordersto elicit complaints and. suggestions, ' 
add also to inform them on management problems and policies, 
particularly proposals for change in met ho ds., ,, 

The exgent to which these consultations are formalised 
will depend to' a Large extent on industrial organisation. 1 . - 
Where most.- of the men are members of a trades union, consul- , 
tation will be structured and some of the initiative will come 
from the workers* s representatives. 

Even in the absence of unions, consultation and inter^ 
change of views snould be strongly, encouraged at all levels.- 
They are particularly productive at district or sub- district 
level, because here ever man is known personally by the 
inspector. Senior managers should also consult directly with 
workers, informally during day-to-day contacts and more 
formally, perhaps through divisional meetings, when major 
policy issues need to be discussed. 

Management at a levels should be vigilant in providing 
the maximum protection of — worker agaihst risks of accidents 
and ill-health. The ' folio wing are important issues: 



- the regular use of protective clothing 

~ avoiding dangerous methods of riding on vehicles 
•l hydraulically tipped vehicle bodies sometimes descend 
suddenly without warning man snould not stand 

- underneath them 

All outs and animal bites- should be reported without 
— • delay in order that first-aid or medical treatment 

- can be. provided _ .... : 

— 1 personal hygiene snould be encouraged by the 
provision of shuers for use before leaving work.: 

Planning a Refuse Collection Service 

The Planning and introduction of a re-organised refuse 
oollection service is a complex procedure that may extend 
over several years and contains four stages? 

- a preliminary study to provide guidelines for the 

• tasting of what ;;app pc as to bo suitable’ mot oda, ' 
"Vonc or moro pilot- project s to tost proposed systems 
and esta blish work porforma ce and costs 
■w production of a Master... Plan based on system that :aro 
a phased progra mme of implementation of tho Master Plan 


P re li mi n a r y St u dy 

The study should have clearly defined objectives which' 
may inclu de: 

Health a nd aesthetic aspect S« : For example wastes- must not be 
exposed to vectors, animals or acavongors during storage 
collectors must not . su at ain skil 1 contact with wastes during 
oall actions 

Systems: A system must satisfy the specific needs of that 
are a of the city where it is bo applied? thus multiple 
systems will probably be. necessary. 

Mechanisation? Labour-intensive methods should be used unless 
mechanisation producers a positive reduction in total 
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expenditure, or is necessary far health protection, Indigenous 
equipment: Indigenous vehicles and plant are to be used for 
at least 90 % of all' investment s*i 

Productivity: High productivity will be sought by method and time 
studies and priority gi en to ensuring high vehicle productivity 

Traffic: Methods should avoid interfering uith traffic as 
fas as possible; this implies that animal carts should not 
be used in the city centre and that motor vehicles should 
not be parked on the highway for protracted loading periods,' 

The ' first st ep in the preliminary study' will be to obtain 
estimates of wastes generation from the main sources; domestic 
premises; shops and markets offices and institutions. Street 
refuse should also be estimated because it may be handled 
through refuse collection transfer points. It is also 
necessary to know the density of the wastes at source, and 
use ful to know the physical constituents. 

A broad physical survey of the city is then undertaken 
to divide it into areas of similar characteristics on which 
tentative storage and collection proposals could be based in 
the light of existing knowledge and available equipment. 

For each type of area t e following issues are considered. 

Storage 

Communal storags system of small capacity and short 
spacing, enclosed, uith detachable liners capable 
of being handled by not more than two man, : ■ 

Storage in the home, bin capacities for duellings 
of various thpes, and for various collection 
frequency. Bin capacities required at shops. 

Storage at markets, schools, hotels and other 
large wastes producers, 1 



potential use of chutes, and the'types of 
containers to be used in chute charrbars* 
Responsibility for the prouision of containers, 
owner, occupier or rrunicipality? 

Colle ction : 

Frequency of coilsction for various areas. : 
primary collection vehicles, design of 
handcrafts; animal carts, vehicle capacities 
in relation to density of wastes from various 
sources, . Short-range transfer system, 
trailers, skips, spacing of transfer stations 
inarsas of various population density, design 
of transfer stations, list of potential sites. 1 
Potential use of collection in shopping areas and 
single duelling areas: selection of potentially 
suitable vehicle types.! 

potential for mechanised small containers of 
1-2 cubic metres at schools hotels and large 
stores. Relationships between coilsction systems 
and location of disposal site: vehicle capacity 
inralation to length of haul; ' relay sys.tamg*i 

At the conclusion of the preliminary study it 
should be possible to define the main type of- area for 
which different solutions will be necessary, probably 
randing from city centra prestigs (shopping to, shack 
communities) and for each situation and or more tentative 
proposals together with possible scales of. cost. 



The next stage is to test on a limited seals the 
most promising of the possible solutions that have emerged 
from the preliminary study. The purpose of the pilot tests 


~ 7 - 

would be to obtain the following information; 

~ accurate work performance for manual labour and 
vehicls, 4 as a basis .for route planning at the 
implementation stage, 

accurage costs, for comparing rival systems, and 
for accurate estimating of investment programme 
a nd annual budget, 

**•' to try to judge the impact on health and environmental 
stendards of the systems under test, 

— to measure public accpet ability of the neu systems, 
without uhich it would be useless to adopt them, 
to judge the acceptability of the new methods to 
the workers, because their support is 'also a vital 
ingredient, 

- to find whet modifications are neded.to equipment and 
ve chicles, 

A pilot project normally requires at least T| years, 
because it should run for a complete year in order to cover 
seasenal changes which occur in vastes generation, and it 
must be preceded by a period of detailed planning. There may 
also be delays in accuiring the equipment needed to operate it. 

• The siae of pilot project is usually determined by 
the minimum size of an operating unit, for axatpple, the 
minimum for primary collection by handcart would be one transfer 
units, say a trailer, thus about six collectors should be employed, 
and they would serve about 1.200 duellings. For communal 
count atnors, however, a more do z en would be sufficient to judge 
their efficacy, and to obtain standard times for emptying 
thenv Thus the population range for pilot project may be 
between 2,000 and 10,000,1 

It is of the utmost importance that a pilot project 
should be continuously supervised and detailed resul s recorded . 
throughout the u r ‘ole of the testperio d.! Each project may 
require staffing op the following scale in addition to the 
workers operating its 
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1.1 Project manager, 

2 , Supervisors 

3.1 recorders 6 for double shift operation, 

4. ; Social workers. 

The social workers h a vs the important task of maintaining 
a continuous dialogue with residents, to guide then- in raking 
best use of the service being provided, to gain a high level 
of cooperation '-and -to measure the acceptability of the 
method being employed. 

Piast e r Plan 

The results of the pilot projects, judged in the 
light of cost, public acceptability, and the extent to 
which primary objectives can be met, can form- the basis for 
a Master Plan which would be irnple rrnted by a phased programme 
over several years. 1 

The Master plan uould define the system to be- adoptee d 
in every givisn situation, and would estimate the proportion 
of wastes from all sources to be handled through each system. 

On the basis of these estimates, equipment requirements for 
the whole city can be defined and estimates prepared for 
capital and operating costs. 

The plan would also stablish the geography of opera- 
tion and control; the locations of transfer points, depots, 
and offices, and uould; include standard designs for depots and 
transfer stations. ; g 

LTJl^Epn.t.atlgn' ; , " 

Implementation of the Master plan may involve a 
complote re-organisation of the refuse collection services, ’ 

It would, impose a very heavy' managerial load and It uould 
pro bably be necessary to place the reorganisation process 
in the, .hands of' a- special project' team whose leader ranked 
as a . Deputy Director,' in order to allow normal standards 
of control of current operation to continue.' 


Training in the new methods would be necessary for 
manual works rs arnn techniques, an convenient way of achieving 
this is to maintain the pilot projects in operation as training 
grounds during the .. arly psriod of implementation. 

It is pro b hie that a large building programme it - ay be 
necessary to provide the physical infrastructure for the now 
ire t ha ds and it is certain th a t a 1 rge amount of equipment would h a v0 
to be acquired* The capital expenditure involved is a further 
reason for phasing implementation over several years* 1 

It is likely that implement ation would also involve 
sorrs changes in the management structure* at the very least 
sorrs of the .boundaries between su b- di st ri ct s and districts 
rrajy have to be rationalised. The sub-li st ri ct or district, 
havin i a population in the range of 20, : 0Q0 to 50,000 
in the recommended basis for rs-organisatiori, In the first 
year it may be prudent to undertake only one or two districts. 

In a city with 40 districts phasiing could be on the following 

scales 

I st year 
2nd year 
3rd year 
4 th year 
5th year 

Thu speeding up of implementation in the later years 
is possible because derailed route planning can bo under- 
taken continously by the project Team and also because 
after the first two years a large number of trainied personnel 
will be available for tsmproprary transfer to districts under 
reo rg an is at ion#i 


3 districts 
5 « 

19 • 

10 " 

14 " 


It should ba atrssed that i mp lament ation requires 
the sorre care in planning and supervision as the pilot 
project, but for a shorter period. Every collection 
rout trust be precisely defined in writing with every - 
single scurss listed, and during the first few days of 
operation a supervisor trust continausly accompany the 
collector of the crew, to advise and train them, and 
to rronitor their working rate. 

The success of the implement ation programme will depend 
to a largo extend on public relations. Every rrodiutr should 
be used to inform the public of the objectives and to adviso 
therr on the duties they trust perform a.s part of the service.'- 
The best method is always personal con.t act . E lects d represen- 
tatives should pay visits from housrj to house in a district • 
under reorganisation. Social workers should be involved in 
areas where thorn are- particular difficulties of communication 
with the people. The press and radio are obvious methods of 
instruction and publicity . 1 School teachers should be fully 
informed about the Master plan so that it can be discussed . 


SOLID WASTE MANAGMEltfT: PRESENT STATUS 
AND FUTURE PROSPECTS 

P. S« A. SUNDARAF! 

THE PRESENT paper describes the structure and role of the 
.authorities and agencies concerned with solid waste management 
in India. Certain new developments in the institutional field 
are then traced and future prospects in this area are highlighted. 

ORGANISATI ON AT THE CITY LEVEL 

.•IThe municipal bodies in Indie are entrusted undar law 
with the obligatory function of conservancy of public cleansing 
and scavenging work. The term ‘solid waste management 1 , in the • 
sense of a total system covering all' processes from the collect- 
ion to the disposal stage for all types of refuse, not to speak 
of resource recovery, is not in vogue in most municipalities, 
nor does it find a pi ace in legislation or e xe cut i ve- orders 
relating to sanitation. In the Indite contaxt where sewerage 
facilities are available only to about 19 per cent of the urban 
population, that too mainly in class I cities, a considerable 
portion of the latrines are not connected to the sewer system, 
nor are they of the water-seal type.' Besides, a significant 
percentage of the population use public latrines. Conservancy, 
in these circumstances, includes both the solid waste and 
night soil. 

The conservancy activity is usually entrusted to the health 
department of the municipality in almost all cities. This is because 
of the - association of sanitation a nd public hygiene with public 
Health- the latter subsuming other activities like prevention 
of diseases, licensing, slaughtering of animals, running of 
hospitals, etc. 1 ' The health officer is assisted by a number 
of sanitary inspectors, etc* The city is divided into a number 
of administrative divisions, each comprising a f aw electoral 
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staffed, the figure ranging frarr 4,6 to 5,5 The cities in the 
population range of 50,000 to 100,000 were found to airplay the 
maximum staff, Conservancy accounted for 26 to 30 per cent of 
total municipal e xpon diture on ail sorvicas. So ire bigger 
municipal bodies spent as irueh as SO per cent on conservancy. It 
uas found that the system was biased towards collection of garbage 
up to the bins in smaller towns, in at end of laying rrore stress 
on collection froir the bins and adequate disposal. 


.COLLECTION OF JCOfflJNI.TY. .WASTES 


Community wastes colls ctsd in Indian towns are trade 
up of heterogenous materials. These contain articles and 
things of various sizes and typos from the dust of tho roads 
to large met al containers; from vegetable leaves to fragments 
of wood; from places of paper to large paper-board cartons; 
from glass bottles to aiprn out tyres; from fragments of bones 
to carcasses of animals; clothing, cotton, residue of fruits 
and vegetables, etc. The character of rafuse often depends on the 
typo of activities carried on in the touns. Roughly 50 per cant 
of the refuse is found to be fermentable. The density of the 
refuse is around 500 kg./ cubic metre. It is astimatsd .fahat tho 
output of urban refuse amounts to about 0,3 kg.> of housshold 
refuse, city wastes and commercial wastes, 0.2 kg. of night soil 
and o.8 kg, of urine per head per day. The quantity of dry refuse 
is higher in biggsr cities and comperes with count rises in Europe, j 
In addition to these components, otbrnr items 1 i k : cattle wastes, 
slaughterhouse wastes, suliago water, sewage sludge, etc,, are; 
important- in bigger cities. In overall terms, the refuse collected 
from urban ar-'os would be about 33, 000 tonnes per day or 12 million 
tonnes annually, besides 22,000 tonnes of hightsoil per day. The 
manurial value of the refuse and night soil would be about 212.450 
tonnes of nitrogen, 137,965 tonnes of phosphoric acid. 181,735 
tonnes of p ot ash and 658,800 tonnes of calcium. 
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The refuse collected from various p oints is disposed -5 

of by different methods in different towns, viz,, dun-ping, 
sanitery landful and composting. Majority of smaller municipal 
bodies adopt dumping due 'to non— availability of mechanised 
forms of transport. Generally, the low- lying areas and the 
outskirts of the towns are used for this purpose. However, 
they constitute a health hazard and become a brooding around 
for .flics and mosquitoes. Sanitary land fill is properly 
practised only in larger citi.es like Delhi. 

For preparing compost from the refuse, both manual and 
mechanical methods are use. However, the manual process is 
n-orc prevalent because of the lesser cost and skilled staff 
needed. There are two types of manual composing used; the 
Indore process and the Bangalore process. In the Indore process , 
night soil mixed with street sweepings and domestic refuse are 
placed. in a shallou, open masonry pit in alternative layers, 
each three inches thick, upto a depth of five fert,i The 

material is turned in the pit for every two weeks for a period 4 

of eight weeks, and then stored on the ground beside the. pit 
for a month without turning. The composting action is both 
aerobic and anaerobic. In the other process, a number of earth- 
trenches is constructed. The fresh material is placed -in alter- 
native layers and eventually covered uitfi Garth. Instead of 
turning over, the material is digested under anaerobic conditions 
over a period of five to six months. The ' average nito rgen Value 
of the con-post is 2 por cent. Many cities produce compost 
by cith-T of these processes which is sold to the agriculturists 
nearby. They earn an income ranging from $ 15*1000 to fo 20,000, 
oftsn exceeding the cost of preparation of the compost. With 
bettor management or the operation on scientific Imss, and 
u ith greater financial assistance from the government, both 
the revenue and output would bo higher. 

. ■ --Te.."- ■ -T' ; V. v .V ^ ' - T ■ ■ *4 
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Mechanisation in composting has been introduced in a 
number of big cities with the objective of sp ending up the 
p recess of aeration and bacterial re ak do nan of materials 
and production of equality corrpost. It has been appreciat'd th 3 t an 
unmodified adoption labour surplus and the substantial 
vegetable content of the urban waste, is not suitable. The 
Uidrou composting has been preferred among the different processes 
despits it 3 requirement of more land and labour. An expert 
corrmitt drag up the guidelines for constructing mechanical 
comp o st plants suited to Indian conditions. It uas appreciated 
that it was not possible to operate such plants uith a profit 
motive through they could be largely self-supporting. It was 
necessary to ensure the quantity of compost and its easy 
marketability,! As suggested by ths committee, assistance uas provided 
by the central government during the Fifth Five Year Plan period 
in the form of capital subsidy and grants for infrastructure items 
to enable the construction of mechanical compost plants and 
the conveyance of adequate solid waste. So far, eight plants 
at Ahmedabad, B^eo da, Bombay, Bangalore, Calcutta, Delhi, 

Baipur and Kanpur cities have born commissioned*; Some of the 
problems feed by the operating plants include high cost of 
production, lack of demand, inability to steel compost at the 
cconojic price. The whole experience is being evaluated by 
the Motional Environmental Engineering Research Institute 
in order to suggese suitable technology, scops for standar- 
disation and r duct ion in costs, ‘enrichment of the compost 
by other nutrients, improve trr-nt in marketability of the compost, 
better management of the compost plant, etc.; 

yy\ PROBLEMS AN o' PRO SPECTS y : ;,ye; : ■ ;Ty ; y 

It would be clear, from the above narration that solid 
w ast v management in the accepted sense of the west is practised 
in vary feu cities in India, Conservancy has some how been treated 
as a local function, to be discharged largely through local 
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inietiativs and expenditure, and not calling for a major invest- 
ment effort by the state government. ..The . .breakthrough cam c with 
the introduction of a scheme for central assistance in 197 4 for 
assistance to cities with a population ex cog ding 300,000 
to constouct mophnical compost plants and to improve the infra- 
structure for solid waste management. This central government 
initiative resulted in the cont ruction of some plants and generation 
of considerable enthusiasm for the management of the whole sector. 1 : 

The cassation of central .assistance for compost plants has put a • 
damper on major capital investment, since neither the state govern- 
rrents nor the financial institutions have stopped in to fill the 
bran eh. : 

Despite the financial constraints faced by the municipal 
bodies for major capital investments for solid waste disposal, it 
has boon increasingly realised by the bigger local bodies that much 
could bo done with little investment to improve the systems of 
collection, storage, transport, refuse and disposal of urban waste. 
They appa date tn a t failure to doal with- the ever increasing flow 
of liquid and solid wastes, arising from population growth and rapid 
urbanisation, constitutes on alarming threat to Public health a nd 
environment. The approach has' been to develop an integrated system, 
with the a bj actives' of (a) improved cleanliness ah-d reduced pollution 
of the environment? ( b) eliminating the practice of manual handling 
of nightsoil and other urban refuse by the provision of suitable 
handling equipment a nd by installing low cost systems of sanitation, 
and (c) producing enriched compost for agricultural production, or 
a commercial form of energy. -The local bodies also feel the 
necessity to treat urban wastes as a major material handling 
project where industrial engineering -matho ds have to be 
employed. Through discussions in periodic meetings, and- through 
advocacy, the central and state governments seek to buttress- 
these new approaches. 'Tp- jTjlT 
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Sin era the local bodies are creatures of State Laws 
basic changes in the existing lau may be required enjoin on ■ 
the local authorities to ensure scientific and hygienic treat- 
ment and disposal of urban wastes, Tha lau at present ^ empha- 
sises only the storage an generating points, collection 
therefrom j and transportation- to the disposal v/anuas; it is 
si lent on the final disposal, Tha lau is not sufficiently 
rigorous in respect of penalitise for throwing rubbish 
indiscriminately by the householders or the vagrants* There 
is considerable variation in the provision of different 
state laws relating to urban waste. They are of an 
enabling nature, and do not exect a minimum performance 
from the local bodies in respect of service rendered, frequency 
of collaction , and the method at disposal. The law does not 
cover the whole gamut of domestic, commercial, agricultural 
and industrial waste. There would thus appear to be need for a 
separate comprehansi ve law dealing uith solid waste management, 
or at least a condi fication or tha required provisions in the - 
municipal lau. Such a lau could cover the entira waste manage- 
ment system at the local level, responsibilities and role of the 
local bodies as well as the state government, ptsople's 
participation, rights and obligations of trade and industry, 
finance, institutional arrangements for training, research, 
data collection and dissemination, While the local bodies would 
be the sole executive authority in the rield for the purpose, , 
the state governments could assume responsibility for state 
level planning, overseeing the implementation of schemes, 
administrative, technical and financial support, etc. The 
role of the central government could cover policy lead and 
guidance, development of central information system, promotion 
of indigenous technology, setting up of standards, research 
and training. They would also identify proposals for 
assistance by central government and foreign donor agencies. 

Arising from the realisation of the need to integrate solid 
waste management uith urban development, the world Bank assisted 
projects in Calcutta, Madras and Kanpur contain a component of 
solid waste management, i hi s provides for an indepth study of * 
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the existing systems of waste management including solid waste, 
nightsoil and other liquid flows, as also the capacity of the 
existing civic body to manage the system with tolerable efficiency. 
On the basis of deficiencies identified by the study, investments 
are made for the procurrement of equipment such as hand carts 
and wheel barrous to assist the conservancy staff, as also tippers, 
loaders, trucks, and compacters for collecting and transporting 
the refuse. Transit collection stations are constructed in a 
hygienic fashion and the dustbins are erected imaginatively to 
avoid spillover of garbage and fly nuisance, Nightsoil 
collection is separated from the storage, collection, and 
transport of refuse. The problem is tackled in the short term 
by providing for 100 percent removal of nightsoil from the all 
households .by conservancy staff provided with improved aids 
and by provanting the dumping of nightsoil anywhere except in 
designated spots. In the long run, efforts are being made in 
big way to convert all dry latrines to water seal latrines 
connected to double chambers through a system of manatary ; 
ihcentives and municipal initiative. The UNDP is supporting 
the preparation of feasibility studies for selected towns. 




In Bombay and Delhi, as in other cities, it is recognised 
that solid waste management is -much more than keeping the roads 
clean, and the activity is managed by an engineering wing in 
close coordination with the health staff. It is responsible for 
public cleansing, maintenance of vehicles and equipment, manage- 
ment of landfill sites and for composting. Of course, the fact 
that these two municipal corporations are comparatively more 
affluent anahles them to devote more staff and resources to this 
activity. Nevertheless, the objectives similar to those sat for 
itself by the Bombay Municipal Corporation represent the direction 
o f : future man ag ement of the sector are set out below' 
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Achieve com pi eta removal of tha refuse 
by establishing reasonable frequency of 
removal for various typos of collection 
r egion s. 


generated, 
complete 
points and 


(ii) Haxmiss the use of man pa u or and equipment for the 

transportation of refuse by planning cd. lection systems 
using fixed routes and standard programmes. 


(iii) Rationalise the use of manpower for public road 
sweeping and for collection of refuse from public places, 

(iv) Introduce a total change in collection equipment by 
employing low-loading height, closed body, mechanical- 
loading, compacting type vehicles. 

(v) Increase the use of supplemental transportation of solid 
uastasCtransfsr stations) for economic transportation of 
refuse to final disposal sites. 

(vi) Introduce sanitary land-filling method for disposal, 
and explore measures to put the refuse to fruitful use 
by making compost or forms of energy, 

(vii) Establish separate facilities for refuse transport and 
other equipment maintenance for the solid waste managements 
department for better and mere systematic equipment manage- 
ment by providing new workshops jnd garages. 

(viii) Provide an effective organisation by change in the 

present structure of management and a continuous personnel 
development programme. 


Con td/. , , 
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(x) 


(xi) 


(ix) Introduce a better sv^fom . p , 

y —Hi or p x on m n Q on o f p. i » 
proper commurn Gatin* o v- ■ , w ro ^ 

equipr-od U1 - h such as control stations 

Pl “ n V1 Euless' and periodic renortinn f f ki- 

and ooeratp n,,hi,-„ . x rtmg . Establish 

r a “ L publlc communication system. 

Establish a 1 nb ora f n r \; -j-k 

"" ra-or/ *-.or the analysis of refiiQo 

generate data on the trend of refueo quality far 

effective long range planning. 

Pro vide h o li si n q nn h n f h or ■£>__,.?*}*«• 

9 31 nd °° ner Acuities for the labour and 

supervisory personnel. Introduce a system of incentives, 

(xn) Integrate solid waste management with health, slum 
improvement, road maintenance and other sectors. 

'Given thase objectives of solid waste management, the 

problems and constraints faced by the local bodies also need to 

bo appreciated* One is thp i in i n r> i * ( 

10 zno cimust universal inadequacy of funds. 

to undertake a major overhaul of the' system and meet the require- 
ment of additional vehicles and equipment. Another is the 
generally low priority accorded' to this sector despite the 
significant per fen tape of the revenue budget devoted to the 
conservancy services. The third is the lack of resourse to funds 
from the higher levels of government and financial institutions 
as far as the smaller municipalities are concerned. 


th e problem areas 

s omeof the other problems are: 

(a) Shortage of experienced and qualified 
the total system at different levels,’ 

(b) The tremendous increase in the grouth 
and expansion in urban areas? 


staff to operate 
af population 
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(c) i h e emergence of slums, footpath dwellers and unauthorised 
settlements creates totally unhygienic conditions. Even 
whan basic services are provided, it is not possible to 
maintain them due to lack of community support, unwillingness 
to pay service charges, and inadequate consarvan,cy staff 

to meet the special problems of removing the refuse; 

(d) Dus to overall increase in the educational standards 
and tha perceived unattracti van cess of the conservancy 
service, the manpower suitable for this work becomes 
scarce, and this, strangthens the hold of the labour; 

(e) Unplanned developments and location of activities make 
collection of refuse difficult; 

(f) Public apathy and entrenched habits- and attitudes relating 
to sanitation hamper an effective operation of the system; 

(g) Difficulty in acuuisition of suitable lands for 
composting and for location of collection points; and 

(h) Lack of transport facilities to carry the refuse ta 
disposal sites and problems of maintenance of vehicles and 
equi pment. 

A great deal of research has been done in the country on the 
recovery of energy from solid uaste. In consonance with the 
emphasis placed by the international community on renewable 
sources of energy, the Government of India has set up a Commission 
for Additional Sources of Energy to support projects for generating 
additional sources of energy such as biogas and electricity from 
wastes. 

The processes under investigation in Bombay and Delhi 
include: 

(a) using heat liberated during incineration to raise steam 
which can be used to generate electrical power; 


Contd/. 
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(b) decompose organic- matter through the application of 
heat in an oxygon-fees environment or with deficient 
air. This process of pyrolysis oan yield fuel such 
as char and ash in varying quantities; and 

(c) biochamical processes involving anerobic digastion of 
solid uaste to produce methane gas of pipeline quality. 

Thus, the central government is becoming intansivsly 
involved in the quality of solid waste generated in the cities 
and their fruitful utilisation as compost or energy. It has 
also offered to provide financial assistance for innovative- 
schemes to recover energy from waste, 

CONCLUSION 

The above analysis would give an idea of the present status 
of solid uaste management in different urban areas in India. In 
a country as vast as India, the conditions vary considerably. 
However, the general picture of pradominant local responsibility 
for solid uaste management , with whatever resources, attention 
and staff they could command, remains. Concrete assistance 
from the central and state governments in the form of funds, 
technical guidance and training for the personnel has been 
forthcoming in recent years. There has also been a conscious- 
attempt to integrate this activity with general urban develop- 
ment and economic processes like manufacture of compost and 
generation of energy. 





Sampling methods 


Frank Flint off 

Generation 

The generation of solid wastes varies in different 
types of dwelling as well as in different socio-economic 
groups. 

Generation in relation to collection 
and ’disposal;- 

The following are the methods commonly used to 
estimate the total quantity of wastes to be callected ani 
disposed of: 

— average loads collected/day multiplied by 
average volume/load ascertained by measuring a 
vehicle body, and converted to weight by using an 
average density obtained by sampling; 

— sample vehicle WQighings, using a weighbridge, 
the average being multiplied by the total loads/ day. 

— weighing of every load on a weighbridge at the 
disposal site; this is the only accurate method. 

Measurement of the total weight of wastes delivered 
to a disposal site, however, is seldom an accurate indication 
of wastes generated, as distinct from collected, because of 
losses at various stages. The following may be a typical 



Losses 


State Handling phase 
Total Generated 

1 

2 

3 

4 


, Total' Collected 
5 


Minus salvage sold by householder 
salvage by servants 
salvage by scavengers 
. wastes disposed of by unaughorised 

means , e.g. on unused ground or 

in ditches. 

Minus salvage by collectors 


Delivered for disposal 


6 Minus salvage by disposal staff 

salvage by scavengers 


'Total Disposed of . 

For ceryain purposes, e.g. to determine the volume required 

for storage of domestic 'wastes, or to find the recycling 

potential of wastes, it is necessary to try to measure 

wastes actually, generated. This can be done by sampling 

at source, i.e. at stages 1 or 2. 

Requirements for estimating 
domestic and trade wastes;- . 

Because the cycle of domestic activity varies through- 
out the week, it is necessary to obtain samples that precisely 
cover one week. For India the following initial assumptions 
could b e made : . . ■ -vyqv' ■ . ■ . , fa ' 


3 


350 gms/person/day . _ „ 

6 persons-f amily, 

= 2.1 kg/dwelling/day = 15 kg/dwelling/week 

(including natural moisture content) 

However, there is a very wide range of wastes genera- 
tion as between socio-economic groups and dwelling types, 
thus it is necessary to obtain samples from every identi- 
fiable group. The following is a typical classification ; 


Code Dwelling type Socio-economic, group 

A. 1 Single unit low 

A. 2 " Medium 

A. 3 » high 

B . 1 Multiple, low rise low 

B.2 Medium 

B. 3 » high 

C. 1 Multiple, high rise low 

C.2 " medium 

0.3 » high 

D Shop and office wastes 


The classification must reflect the character of the 
city and in some cases it would be necessary to include 
slums, bustees and semi-rural areas. 

The minimum size of a sample for a group of similar 
dwellings is about 200 kgs; thus the minimum number of 
dwellings required per group for a daily collection would 
be about 100, based on the assumed rate of generation above. 
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The minimum' number of 200 kg samples required 
for a city is about 12. Thus, if the number of classified 
groups is less than 12, more than one sample should be 
obtained from the largest group or groups. 

On the above assumptions, a generation test in an 
Indian city would involve about 12 sample s/day, each from 
about 100 dwellings, and would cover 1 ,200 dwellings and a 
population of 7,200. 

Proposed method of collection of samples 

In cities where the storage of domestic wastes is in 
communal containers, it will be necessary to supply every 
dwelling with a container for the period of the tests; 
plastic bags offer the cheapest solution. 

After selection of the sampling areas, each house- 
holder should be interviewed, to explain the purpose of • the 
sampling project. It is desirable that this be done by 
social workers who are better trained in communication. 

An explanatory leaflet should be left at each dwelling. 

The sampling programme should extend over eight 
successive days. Wastes collected on the first day should be 
discarded as the period they represent may be doubtful; 
wastes collected from the 2nd to the 8th day will represent 
one week’s production. 
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The collector should carry a supply of plastic bags, 
one of which should be handed in at each dwelling in 

it 

replacement of the full one collected, Each full bag should 
be labelled with its appropriate classification before being 
taken to the depot where the contents are weighed and the 
volume measured. 

For calculation of total weight and volume, generated 
in the *ity, a multiplier is used for each coded group based 
on the -proportion of the population represented by that 
group. For example, if the A.1 sample is from 600 persons 
and the total population in that classification is 40,000 
then the multiplier would be 66.7. 

In most cases, samples ©ollected in this way would 
also be used for physical analysis, as described in the 
succeeding section, supplemented by samples representative 
of trade and commercial wastes. 

•The labour requirement for a programme of this 


kind is as follows; 

Total calls/day for 1,200 dwellings 1,200 

Calls/collector @ '20 calls /man/hour for 
6 hours day 120 

Number of collectors required per day 10 

Period for which required days 8 


(A basic weakness of this method of estimating generation 
is that, despite explanations given in advance, the 
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householder may vary the normal pattern of wastes disposal 
for personal reasons if he or she knows that the wastes 
are going to be examined. Greater accuracy is assured when 
samples can be obtained without the knowledge of the 
householder; this applies in Britain where the sampling 

4 

collectors simply move in a little earlier than the normal 
house-to-house collectors. This. is not practicable, 
however, in cities where the main storage methods are 
communal.) _ * 

.Collection of samples from communal containers ;- 

For many purposes, such as. deciding the design of 
refuse collection vehicles and the method , of refuse disposal, 
collection of samples direct from source is unnecessary, 
and samples can be taken from communal containers or transfer 
stations. This is a much simpler procedure and requires merely 
the daily collection of at least 12 samples, each at least 
200 kg or 500 litres, from areas which properly represent the 
selected socio-economic groups and trade sources. 

The density of samples collected in this way will be 
higher than for samples collected direct from source 
because the density of the wastes increases at each stage of 
handling, partly ttjroigti the removal of light constituents 
such as paper, and also by compaction of material at 
low level by pressure from the weight of wastes above, 
and lastly by the gradual filling of interstices by dust. 
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(Thus for the calculation of domestic and trade wastes 
storage capacity at sources, the density of communal wastes 
should he reduced by at least one third). r. 

Analysis and Pro lection 

The physical analysis of wastes, using .an accurate 
sampling method, enables the following information to be 
obtained. 

- density of wastes, 

- proportions of salvageable constituents, 

- proportions that could be incorporated in compost, 

- combustible proportion, 

- graded particle size. 

Three or four analyses are needed over a period of one 
year in order to cover the seasonal variations that occur 
as a result of the climatic cycle and the food production 
cycle. 

Collection of samples 

At least 12 samples and not more than 20 are required, 
each of at least 500 litres and not more than 1 ,000' litre?, 
fhe samples should be ‘selected to represent commercial 
and market wastes as well as the domestic wastes sources 
referred to in the preceding section. The number of samples 
from each group should be proportianate to the population 
represented, by that group, or also mathematical weighting 
could be used. If the purpose is to obtain information cm - 
collected wastes, samples can be ‘‘taken from vehicles as they 
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arrive at disposal sites, so long as the source is known 
with accuracy, or from communal storage points. 

Method of analysis t- 

Samples should be analysed within two hours of collec- 
tion to minimise errors from moisture loss. The measuring box 
of 500 litres is filled by shovel; the contents should not 
be compressed but the box should be rocked back and forth 
three times during filling. The box is then weighed to find 
the density of the wastes. It is now necessary to sort the 
wastes by hand into the required constituents and they are 
transferred in suitable amounts from the box to a sorting 
table. The surface of this table is formed by a wire mesh 
grid of 50 mm, so that all material below this size will fall 
throught it. The oversize vegetable-putrescible wastes 
are left on the table but all the other constituents are 
picked out and put in a marked container for subsequent 
weighing. Small hoes are used to turn over the wastes 
during the sorting process. When sorting of the oversize 
material is finished the table is shaken to ensure that 
everything below 50 mm has fallen through. The matter 
remaining on the table is vegetable-putrescible over 50 mm. 

The matter below 50 min which hae fallen to the 
ground is now shovelled up and passed. over a hand screen 
of 10 mm mesh. The wastes remaining on this screen are now 
hand-sorted until only .vegetable-putrescible matter remains; 
this is the 1 0' mm - 50 mm size. 
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By this time the wastes are completely sorted into 
the required constituents and sizes except that the fine 
matter below 10 mm will be a mixture of inert and organic 
matter, such as sand and food grains. The proportions can 
be established only in a laboratory by moisture and ignition 
tests, but with experience it is possible to make a 
fairly accurate estimate by visual examination. 

Information from analysis 


Constituent 

Sample No, and $ by weight 

1 

2 3 4 eta. Max Min Average 

Vegetable/Putrescible 


Above 50 mm 

10 

10 mm - 50 mm 

35 

below 10 mm 

10 . 

Total 

■ '55 

Paper 

15 

Metals 

5 ' 

Glass 

4 

Textiles 

3 

Plastics & rubber 

2 ‘ " 

Bonos 

**» 

Misc, combustible 

2 

Misc. Incombustible 

4 

Inert Matter below 10 mm 

10 

Total 

100 

Density Kg/cum 

. 350 

Source of Sample Code 

letter 
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Equipment required •- 

1 measuring box, 1 metre high x 1 metre long x 500 mm 
wide, with bottom. Weight should be minimised by using 
thin resin-bonded plywood for construction. A strong 
batten should be bolted along each side, projecting at the 
ends, to provide four lifting points for placing the box on 
a scale. 

1 sorting 'table , about 1.5 metres wide x about 3 . metres . 
long, 'made from a stout softwood frame., with ..corners halved 
and bolted, and entirely ^covered by wire mesh., of 50 mm, 
carried' round every side and recurely fastened. The table 
can be supported on trestles or fitted with legs. 1 hand- 
screen of 10 mm mesh, 

10 bins or. boxes of about 60 litres to contain sorted material, 
3 large flat shovels, 

6 hand-hoes to turn over wastes during sorting, 

6 pairs plastic or rubber gloves for sorters, 

1 platform weighing machine, preferably with capacity up 
to 500 kg. 

Projections ;- 

Analyses are often made as part of feasibility 
studies for refuse treatment such as composing and incinera- 
tion. Such plants have lives of twenty years or more, and in 


Such cases it is vital that the design parameters should 
be based on protested and not current analyses if 
performance is to be reasonably uniform throughout the 
working life of the plant. 

Over a long period it is likely that changes occur 
in the physical dr aracteristics of wastes, from the 
following causes* 

- a rising standard of living increases the 
production of solid wastes, particularly constituents 
other than vegetable-putres*ible , 

I 

- changes in packaging technology and retail 
distribution methods tend to increase packaging 
materials and velume per capita, 

- changes in domestic fuels, for example a reduction 
in the use of solid fuel, could cause falling ash 
content and a reduction in weight per capita. 

In cities where annual analyses have been carried 
out for 15 years or more, changes of this kind apper on a 
graph as a smooth curve from which it is usually possible 
to extrapolate estimated analyses for up to ten years 
ahead. Where such information does not exist, it is possible 

to make projections based upon national and local forecast* 

of economic growth and industrialisation. 



Basic Co 1 1 a ct iori_jy.3tBms 


Frank FI in toff 


Four basic collection systems have basn avolved in 
eolation to .the amount of u^k imposed upon the householder: 

- communal storage which may require delivery of the 
wastes by the householder over a considerable 
distance, 

_ block collection, where the householder delivers the 
wastes to the vehicle at the Urns of collection; 

_ Kerbasi.de collection, where th, householder pots out 
and later retrieves the bin; 

-door-to-door collection uhere tie collector enters 
the premises and the householder is notinvolvad in 
the collection process*') 

CoUection f ro.m_ CpjniTiUQal^ J t^sir, 

The organisation of refuse collection, to greatly 

Simplified by the use of large communal storage sites. The 

City of capacities from 0.5 to 10 tonnes for a population 

, , • I T inns I Delhi probably has about 300,000 

which exceeds 4 millions*! .uex hi 

separate sources of wastes (dwellings and shops) end a 
frequent collection direct from every source ,veuld require 
a much more complex organisation' and possibly greatar 
expenditure. 1 However, ^en sites are widely spaced, a great 



deal of domestic wastes ate deposited -in . the streets by , 
housshol des too laxy to carry it to the depot or masonry 
enclosure. It. is. significant, therefore, that only by 
employing about 10,000 sweepers Selhi is kept in a tolerable 
standard of cleanliness,.! ’ 

Uhils the use of- large qonrnunal sites may appear to be 
a fairly cheaps and simple solution, it may transfer much 
of the burden of rsfuse collection on to the street 
clearing services and actually increase to tat costs, because 
it is cheaper to collect rsfuse direct from a house than to 
sweep it up from the streets,! In Delhi in ths year 1974 
Rs,! 31 ,000,000 were spent on sweeping, only Rs.j 7,330,000 
on refuse collection,! ' y> 

The use qf large, widely spaced communal storage sites 
is usually a failure because the demand placed on the 
householder goes beyond his willingness to co-operate. 
Communal storage points should, therefore, be at frequent 
intervals. Madras, Bahgalo.re and Manila provide fixed 
concrete receptacles with capacities, between 100 and 500 
litres on footway's or vexges at intervals of 50 to 200 metres 
The objections to -these , have been stressed earlier, but 
they are fairly Successful because they plage a reasonable 
and acceptable duty on the residents, thus very little 
domestic wastes in thrown in the street,- 



Both the large masonry enclosure and the smaller 
concrete bin are inefficient in the use of manpower and 
venicles. Wastes have to be removed by raks or shovel and 
and basket; it is a slot, - process and vehicle waiting time 
during the loading process is exceesive. Vehicles employed 
on .this work tend to interfere with other traffic .in the 
strst. The following uork performance havebeen recorded: 

Delhi, masonry 

Enclosures 1*!4 tonnes/man/ day ... 7 tonnes/ 

. * . vehicle/ day. 

Bangalore, concrete 

pipes 122 » 5 » 

Drums of 200. litre capacity are far from an ideal 
solutions but the fact that two men can usually empty them 
directly into a vehicle with a low load line graately 
increases daily performance: probably to about 5 tonnes/ 
man/day and 10 tonnes/ vehicle/ day. 

Block Collection:- 

In this system, a collection vehicle travels a 
regular route at prescribed intervals, usually every 
two days or every three days, and it. stops at every street 
in te resection, where a bell is rung. At this signal the 
residents of all the streets leading from that intersection - 
bring their wastes containers to th vehicle and hand them 
to the crew to be emptied.* A crow of one or two men is 
adequate in numbsr as they do not need to Ip a vs the vehicle. 1 



Block collection should be operated frequently, 
otherwise the weight, of wastes to bs carried to the vehicle 
may be beyond the capacity of soms of the residents. It has 
significant advantage over a kerbside collection in that 
bines are not left out or. the street for long periods. 

This system is operated in.. Mexico City and during a 
study carried. out by the Solid Wastes Division of the sub- 
secretariat for Environmental Protection the following 
data was collected.^ represents the average of four 
routes: 

Collection route, to tal, length 2*’74 Kms.i 
Number of stops on route 25 
Average distance 

between stops 110 metres 

Bins emptied per stop 33 

Total bins emptied on' route- 858 

Average load total weight 3,653 Kgs. 1 

Duellings on route 8 41 

Average -.weight/ duelling 4**34 kg. I 

Total time for load • • 2 hours 27 mins.i 

Average travel ; time . paint to point 1,15 mins,! 

Average loading time per point 7,10 mins.i 
The daily performance achieved by this system is about 
. 3.15 tonnes/man/day and 7*j0 tonnes/ vehicle/ day. i 




Ksrbasirfa Collections-* 

This, iiks the block collection, requires a regular 
service and a fairly precise timetable* 1 Residents must 
place their bins on the -fob tuay. in advance of the collection 
time and remove them after' they have bean emptied.' It is 
very important that bins of a standard type should be 
used, otherwise it is likely that wastes will be put out in 
improvised containers, such a cardo board boxes, or even in 
loose heaps; whs ft this occurs some of the wastes are 
inevitably scattered by animals and wind, thus increasing 
the work of street cleansing. 1 

Kerbside collection is never entirely satisfactory,; 
Problems includes- • 

J bins sorted through by scavengers, 

«* bins stolen, 

- traffic accidents caused by bins Mixing on the road, 

- bins turned over ny goats or cattle, 

- failure of the householder to retriever the bin 

quickly.) 

The worst example of this last problem is whan the bins 
are kept permanently on the footway; this is not uncommon 
in high income residential areas of certain Asian cities.: 





However, kerbside collection is unavoidable uith some 
types of house construction, and it is the cheapest method 
of house-to-house collection* 1 Uhon tb rate cf wastes 
generation is high and collection infrsquert vary high labour 
productivity can be achieved* For example, in one city in 
USA a one-man crew collects up to 10 tonrSs/day-400 
duellings at an average of 25 kg/dwsllinr. ; In ail develop- 
ing countries, ho uever, the wage-rate to vehicle-cost 
ratio uould be much leas than in USA an c it would be 
profitable to employ a crew of at least four men Producti- 
vity would also be reduced as the weight co llected-per 
duelling uould be much less «j . 

Door^to-door Collections- 

This is the system in which the householder does 
no uork: the collector enters the garden or courtyard, 
carries the bin to the vehicle, empties it, and returns it 
to its usual place. It is costly in labour because of tins 
high proportion of working time spent walking in and out of 
premises and from one duelling to tb nsxr, but it is the 
only really satisfactory system. A USA study showed that 
this system costs about twice that of kerbside collection, 
but this ratio uould be greatly reduced in countries where 
labour oast is lau*[ 

' * 




The problem with doo r-' to- door collection in- 
developing countries is that vehicle productivity uould be 
very much less, than in Europe or USA if collection uas at 
high frequency,! High vehicle productivity must be the 
main aim of developing countries, thus-doo r-to-doo r 
collection by the conventional uestorn method of heavy 
motor vehicle and crau is very unlikely to bs a viable 
system unless the interval . between collections was extsndod 
to a. weak.' This is unlikely to bo acceptable in tropical 
countries as a principle and in any case the majority of 
duellings in most cities need a daily collection (Or 
communal storage)*' 

The broad conclusions that can be reached are as 
folio us: 

Communal storage systems based on manually portable 
containers probably offer the louast collection cost. 

Block collection at tuo~day intervals appears to 
offer a lou collection cost 3nd avoids all the 
problems that arise uith communal storage or kerbside 
collection 

Door-to-door collection by a heavy motor vehicle 
and creu uould bs by far the most expensive- system 
for a developing country if a daily service is 



a s 


required.; It n/ be at an accBptWa oast level 
in selected are»3 it a tuico meekly service 
adopted.! .. 

The conventional western approach may have to be 
'ruled out. There are other effective possibilities. One 
□ f these is described in the next chapter. 


.v 


Comjsajj^ 

In the folio uing table performance in terms of 
tonnes day. and duelling/day by men and cehicles' are 
compared 1 Weight generated/ duelling/day ra assumed to be 
2 kg in every case, equivalent to 333 gms/ person/ day 
for a family of six people. This is about the current average 
for much of South East and Centri America (-3 but generation 
in much of West Asia and north Africa may be tuice this).’ 
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nr 


* Some figures are actual, others are writer's estimates.! 
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SAMPLING AND ANALYSIS OF SOLID WASTES 

Solid wastes is the terra used to describe nonliquid 
waste material arising from domestic, trade, commercial, 
industrial > agricultural and mining activities and public 
services. 

‘Solid Wastes' is an extremely heterogeneous material 
comprising of a variety of things of various sizes containing 
dust, food wastes, packaging in the form of paper, metals, 
plastic or glass, discorded- cloth and other textiles, ashes, 
garden wastes, wastes from construction operations, factory 
wastes rubber, fragment of bones, cotton wood, guase used 
for dressings etc . In certain areas where the sanitation 
facilities- are inadequate it may contain night soil. In 
short, it contains everything man rejects or generated by his 
activities and what has to be removed from the place where 
he lives, works and moves for recreation and other purposes. 

'Refuse' is synonymous with 'solid wastes* and generally 
indicates both putrescribe and non putresc ribe material and 
consists of 'Garbage' 'Rubbish' and 'Ashes'. 

'Garbage * is the putresc ible animal and vegetable waste 
resulting from the handling preparation and consumption of 
food. 

Rubbish comprises of conbrustible and non e ontrubst ible 
materials such as paper card board cases, wood, glass, metal 
crokery, textiles and similar objects. 

Ashes are residue of burning wood, coal, coke and other 
solid conbustible materials. 

Analysis of solid wastes if of importance as a pre- 
requisite to methods of disposal such as sanitary landfill, 
composting or incineration. 






A quantitative estimate of. the total amount of material 
that is generated by a community and disposed of is again 
important to plan the infrastructure requirements of the 
management services, like the collection system transport, 
disposal facilities and manpower requirements. 

Qualitative analysis gives projection of feasibility 
of disposal methods and project alternatives.- Both the 
physical and chemical analysis assume relevance. 

Analyses, however* accurate, is entirely dependent on 
the sample collected and can, therefore* have meaning only 
when a proper representative sample is collected. 


The measurement of the total weight delivered to a 
disposal site can seldom give a correct, indication of the 
wastes generated because there are considerable losses 
between the generation point at a household and the ultimate 
point of disposal. 

The losses may be by salvage sold by the householder, 
salvage by scavengers and wastes disposed of by unauthorised 
. .... means e.g. on unsued grounds and ditches' at the generation 
point. Some losses due to salvage by collectors at 'the 
collection point is also, likely to occur and some losses may 
be effected due to salvaging, by disposal staff and free lance 
pickers. . ■ : , . ,, 


The total quantity to be collected and disposed of can 
be estimated by one of the following" methods 

1. ' multiplying the average number of loads /day by the 

average volume/load and converting to weight basis by 

■'•"■O'' 

using an average density obtained by sampling. 

2. Sample vehicle weightings' using a weighbridge and the 




average multiplied by the total number of loads/day. 





on a weigh bridge at the disposal 
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The last method is obviously the accurate method. 

Sometimes, it may be necessary to determine the amount ' 
of wastes generated when it is necessary to find out the 
volume required for storage of domestic wastes or estimate 
the recyling potential of the wastes. 

Since the cYcle of domestic activity varies through out 
the week, it is necessary to obtain samples that precisely 
cover ^ne weak. The- variations that can occur is exemplified 
in the following table. Quantity of refuse ibg/head/day 
in a week for a typical town in India. 

my SUN MON TUSS WED IHURS FRl SAT 

Qty. 0.36 0.30 0.26 0.25 0.25 0.26 0.27 

(0.5 to 1. 5kg/capita in other countries maximum being 
in usa) . 

There is a wide range of wastes generation depending 
upon the socio-economic groups and dwelling types. Variations 
exists, amng single, multiple low rise and multiple htg$ 
rise dwelling units and again on low medium and high socio- 
economic groups and shop and office wastes. The slums, 
bustees and semi-rural areas will have to be also in the 

classification. d ; d : ' 'V; ' 

The minimum size of a sample is 200 kg for similar 
dwellings falling into a single classi fie ation(NrERT suggests 
a 100 kg sample). 

The minimum number of samples of 200 kg. ~..r ' ‘ 
required would be about 12 ana preferably by 20. If 12 such 
classified groups are not available, more than one sample should 
be collected from the largest group or groups. 



Based on the above requirements of 12 sample/day, and 
•assuming a per capita' contribution of 0.35 kg. and 6 members 
for every unit, about 100 dwellings will have to be covered 
for each classification to give 200 kg/sample and a total 
of 7200 persons or 1200 dwellings will have to be covered to 
estimate total wastes of a city. 

The total weight and volume generated could be 
calculated by using a suitable multiplier e.g. if a sample is 
taken from 600 persons in a group and the number belonging to 
this group in the city is 60 , 000 the multiplier would be 100. 

It is necessary to supply every dwelling with a plastic 
bag for the period of the test. The wastes collected on the 
first day is generally discarded and collections from the 
2nd to 8th day will represent a week's production! Each day 
the filled bag is collected and a new beg is handed over 
The bag is labelled appropirately with respect to the cl->ssi- 
• fie at ion and taken to the depot where material from each 
classification is weighed, 

Tor many purposes like deciding on the capacity and 
requirement of collection vehicles and the methods of refuse 
disposal, samples can be taken from the community containers 
directly. This requires only the collection of 12 samples 
of 200 kg. on a daily basis from areas which represent the 
selected socio-economic group and trade commercial andmarket 
sources. While collecting from storage bins samples should 
be taken from various points at various depths to make up 
200 kg. 

The density of samples collected from community contain- 
ers is higher than 'collected at sour c es b ecause the density 
increases at each stage of handling. This is partly due to - 
removal txigh constituents such as paper and also by compaction 
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of material at low level by pressure by wieht of wastes 
above and lastly by -gradual filling up of interstices 
by dust. 

Physical analysis gives the following information. 

1. Density of wastes 

2. ' Proportion of salvageable constituents. 

3. Proportions of other constituents. 

4. Proportion that can be incorporated in compost. 

5. combutible proportion. 

6. Graded particle size. 

Three or four analyses over a period of a year to - 
cover the seasonal variations and the- effect of climatic 
and food production cycle has to be carriedout. 

Samples should be analysed withiri 2 hrs. of collection 
to minimum errors due to moisture loss. 

Samples are taken in standard wpoden box of 500- litres 
100 ( 1m long x Im high x 0.5m' width)’. Smaller boxes could , .. 
be used but the minimum volume should be 11. . A strong 
batten should be bolted on each wide to facilitate- lifting 
of the box. The box is filled with a shovel, the contents 
should not be compressed but the box should be rocked back 
and forth three timas during filling. The box is then 
weighed and the dors ity found out. 

This material is transferred to a sorting tables. The 
surface of the table is formed by a wire mesh of 50mm so 
that all material below this size falls through it. From 
the material retained on the tabic, the vegetable purtresoible 
wastes are left behind and all other constituents are picked 
out and put in a marked container for subsequent weighing. 

When sorting out of the oversize material is furnished, the table 
is sheken to ensure that everything below 60mm has fellen 
through . The wastes remaining on the table is vegetable- 
putrescrible over 50mrru \ ; u'-yiyP 


The matter which has fallen to the ground is now- 
shovelled up and passed over a hand screen of 100 mm mesh. 

The wastes remaining on this screen is now hand sorted until 
vegetable putrescrible matter remains/ this is iQmis-SQmm 
size. 

The material which has gone through lOiflm screen can be 
separated into iner and organic matter by moisti re and 
ignition tests. 

(The NEERI procedure suggest spreading out the entire 
material and dividing into 4 cuadrants, two opposite quadrants 
being mixed and the process repeated until a 12.5 kg sample 
obtained from 100 kg original sample). 

After the physical analysis, the materials like 
metals, plastics, rubber etc. are neglected and moisture 
determined on the crude sample. 

A sample of about 3 kg is air dried and finely ground 
and passed through a fine sieve of 4mm pore size. The 
sample is analysed for - 

1. Moisture 

2. organic matter 

3. Carbon 

4. Nitrogen 

5. Phosphorus as' P2^ ‘ 

6. Pottassium as K2^ 

7 . PH 
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Moisture place 500kg of sample in a tr^y in an electric hot 
air even overnight at 100 °C. coKL in a dessicater and 
weigh th * Report percentage loss in wetghth as mots cure. 
Analysts clone in triplicate. 

Organic matter ; Place 100 kg of dried sample in a- weighted 
sliou dish and heat slowly in an electrical furnace to about t 
700°C for 30 mini If muffle furnace is not available, 
heating can be done over a Runssn Burner until the dish becomes 
dull red for 30 mn, or more. Cool the dish in a dess ice tor; 
weight and report percentage loss in weight as organic matter. 

carbon : Total carbon can be estimated by contesting in a 
tabular furnace and absorbing co 2 evolved and estimation of 
C*0 2 *' But for routine purposes, the carbon figure can be 
obtained by dividing the percent organic matter by a factor 
o f 1.724. 

Total Nitrogen . Estimated by digesting the- sample with Cone 
H2so4 in presence of a catalyst and salicyclic acid. The 
clear liquid is neutralised by Na OH and titrated with bouic 
ac id. 

Phospbosrous: Organic matter is burnt off at a low frame after 
rnoitening sample with Mg(N0 3 ) 2 and ethyl* Aehohol, and then 
moistrned with 20 ml of water and 15 ml cone. Hr 1 and. covered 
with watch glass and digested for 2 hrs. The solution is 
diluted to 150 ml and 100 ml is taken and precipitated by 
Ammonium molybdate solution. The precipitate is dlssvolved 
in an excess of standard alkali and excess alkali is titrated. 
The p2o5 can be computed from the titne value. 

Potassium 25 to 50 gm of sample is slowly heated on a 
silica basin until charring and then transferred to a muffle 
furnace for 30 min. to about 55o°C. 
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Cool the dish add 40 ml dil Hcl (1:1) • Place on a water 
W hath and digest for 20 to 30 min. Remove cover and rinse 
with mlHNO^ and evaporate to dryness, continue heating 
for h to 1 hr. and then place in a hot air oeven for 1 hr. at 
110°o. 

Moisten dried salt with 10 ml dil Hcl; add a further 
50 ml of water and keep on water bath until a 11 salts are 
in solution filter and makeup the sample to 500ml. 

Take an aliquot of 100 ml and use- the method of estimation 
with perchiloric acid as potassium perchlorate precipitate or 
* later natively. - 

Use flame photometric method. 

PH Make a suspension of 5 gm of well ground sample in 50 ml 
of distilled water. Keep suspension for \ hr with occasional 
stirring. PH is determined by PH meter. PH indicator or 
PH paper . 

It is likely that changes occur in the physical 
characteirst ics of wastes from the following causes: 

1. a rising standard of living increases production of 
solid wastes, particular j.y constituents other than 
vegetable putrescible. - 

2. changes in packaging technology and retail distribution 
methods tend to increase packaging material and volume 
per capita. 

3. changes in domestic fuels e.g. a reduction in the use 
of solid fuel could cause a fall in ash content and 
reduction in weigh per capita. 

In cities where annual analysis have been carried out 
for 15 years or more, changes of this kind appear on a g raph 
as a smooth curve from which it is usually possible to entra- 
polate analyses several years ahead. 
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Analyses are made as part- of feasibility studies for 
solid wastes disposal such as composting and incineration. 

Range of values; 


1. 

Weight generated per day 

250 to 1000 

g/cap/d 

2. 

Density 

100 kg/eum ■ 

to 600 kg/cum 

3 . 

Volume 

h litre to 

10 litres/capf/d 

4 . 

Veg.putrescrible matter 

20% to 75% 


5. 

inert matuer 

5% to 40% 


6. 

Paper 

2% to 60% 


7. 

Class 

0 to 10% 


8. 

Metals 

0 to 15% 



Solid wastes is not expected to contain any intestinal 
parasites unless feecal matter is also collected, where 
there is absence of sewerage system, there is likelihood of 
A scar is and Trichuris appearing in the wastes. 

NEERI carried out analysis of solid wastes in 33 cities 
in 1972: 

1. The fine earth content ranges from 17% in rali^ut to 
77% in Bikaner. This high amount is due to the strong 
wind that blowy from sand and earthy matter in tho arid 
region. 

2. There was a vide variation in the organic content of 
thesamples more than half the sample had values of 30 
to 50%. 

3. Paper content varies from l.to 10% and In general ranged 
from 2 to 5%. 

4. Plastics rarely exceeded 2% and in 82% samples was less 
than 1%. 

5. Glass was less than 1% in 90% of samples and never 
exceeded 2%. 
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6. Ders ity of sample ranged from 330 "to 560 kg/cum/ in 85% 
of samples. Density values were higher in rainy season 
than in summer because ~- c u igh moisture* 

7. organic content were between 10 to 30% in 85. 9% of 
samples . 

8. In 80% of the sample the N.P.K. in the decomposable 
fraction ranged from 0.4 to 0.6%, 0.3 to 0.5% and 
0.3 to 0.8%. 


9. Calorific 

value ranged 

from 770 to 

2845 BTO/lb. 


Analysis of Solid Wastes 

from cities 


in India - 

NEERI 1972 



1. Refuse Density 


Name of city 

Winter 

Kg/M3 

Summer 

Kg/M3 

Monsoon 

Kg/M3 

Bangalore 

376.6 

405.118 

_ 

Patna 

309 

490.0 

- 

Allahabad 

349.0 

429.0 

431.22 

Baroda 

496.11 

480.0 

390.0 

Delh 1 

402.0 

453.1 

412.0 

Hyderabad 

342.0 

410.0 

354.0 

Kanpur 

640.0 

647.5 

684.8 

Madras 

271.0 

314.0 

403.0 



PHYSICAL ANALYSIS Ql CITY kEFUSB 
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III. chemical Analysis of cities refuse 
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Transportation of Solid Wastes - 
A Case Study of Delhi 


Rakesh Gupta 

Suppose there are n localities in a city where the 
refuse is collected at various points and is transported to m 
disposal sites that are located at the periphery of the city. 
Also, we know the distance a truck loaded with refuse has to 
travel for dumping garbage t^ the disposal site (one way). Let 
be the number of truck load garbage generated in the locality 
i and b ^ be the capacity of the disposal site 3, We may well ' 
assume that the capacity of the disposal site is enough to take 
the total generated garbage. 


If we transport xp -j number of trucks from ith locality 
to the jth disposal site, the total distance travelled by 
trucks in the city for dumping the garbage at the disposal 


sites is* 


X I3 ^ij 


Where dp-j Is the distance between the ith locality 
and the jth disposal sites. 

How our problem is to choose those xpj which satisfy 
the following restrictions, and minimize, 2, the restrictions 
being* 




(as we cannot transport negative 
quantities) 

and 

(1 ) m 

T = ai, i=1 , . . .n 

2 =1 

(i.e. we transport all the garbage 
from each locality 




x i3 = 5=1, m 

(each disposal site swallows exact! 
the number of trucks as its 
capacity)* 


Now this is a simple lineqr programming problem and 
is known as transportation problem. For solving such problems, 
the initial feasible solution can be obtained h>y (i) North- 
West Corner Rule, (ii) Matrix Minima or (iii) Vogel’s Method. 

Before proceeding to find an. initial basic feasible 
solution to our problem let us define the followings 
Feasible Solution; 

A set of individual allocations which satisfy the 
constraints of the problem is called a feasible solution i.e, 
which simultaneously remove the refuse generated from the 
zone s , 

* If the total capacity of disposal site is more than the total 
generation in all the zones than by creating an artificial 
zone whose generation can be taken as the access capacity of 
the disposal site, the solution can be obtained using the 
simplex method , 



- 3 - 

Independent Allocation: 

The allocations- of a feasible solution are said to be 
independent if it is not possible to increase or decrease any 
individual allocation without either changing its positions 
in an allocation array or violating the limitations on the 
surpluses at the zones or capacities at the dumping sites. 

Basic Feasible Solution; 

A feasible solution is said to be a basic feasible 
solution if it has exactly (m+n-1 ) allocations in., an m zones 
and n dumping sites problem. 

Optimal Solution; 

A basic feasible solution is said to be an optimal 
solution if the distance covered by it Is minimum. 

Methods of finding Initial Basic Feasible Solution 
1 ) North-West Corner Rule 

In this method we allocate the maximum possible number 
of trucks either from the origins (column total) or the destin- 
ations (row total). In ’’’able 2 we thus allocate 48 units 
from column 1 to the cell (1,1). Now we are left with 79 surplus 
units against the first row's total. Of that , 46 units from 
column 2 are allocated to cell (1,2), the remaining 33 being 
given to cell (1^3), But still there are 4 units left from 
column 3 to be assisgned which are allocated to cell (2,3) . 

In column 4 there are 27 units which are allocated to cell (2,4), 
Similarly, all the units in column 5 and 6 are given to cells 
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(2,5) and (2,6),- respectively. Total of all the allocated cells 

" £ 

in the second row is 100 units and as such no surplus is being 
left in that row. In the similar fashion we - can allocate units 
in the remaining rows. The initial basic feasible solution 
obtained through this method is given in Table 3.4. 

Matrix Minima - 

In this method we assign the maximum possible number of 
trucks in a row or column of a cell where the distance is least. 

For example in the entire matrix, the minimum distance is 4*2? 
km in cell (3,8). As such, all the 30 units of row are allocated 
to this cell. Next cell is (2,2) where the distance is 5.84 km. 

Here we can allocate all the 46 units of column 2. After 
completing -these two cells, the minimum distance is 6.12 km 
in cell (1,1), where we can allocate all the 48 units from ^ 

column, 1. In this process we can go on selecting the next 
minimum cell and allocate maximum units given in each row or 
column (Table 3.) 

-Yo gel’s Approximation Method 

This is a heuristic method which provides an optimal 
solution or very near to optimum solution. Following steps 
are followed to obtain the solutions 

Step I : Fvaulate a penalty for each row (column), by substract- . 

ing the smallest distance element in the row (column) 
from the next smallest distance element in the same 
V row (column). 

Step . II s: Identify the row or column with the largest penality, p 
breaking ties arbitrarily. 'Allocate as nuch as possible | ; 


to the cell with the least distance in the selected 
row or column. Adjust the supply and demand and cross 
out the satisfied row or column. If a row and column 
are satisfied simultaneously, only one of them is 
crossed out and the remaining row (column) Is assigned 
a zero supply (demand). Any row or column with zero 
supply or demand should not be used in computing future 
penalties. 

Step III % (a) If exactly one row or one colum remains uncrossed 

out, stop, 

(b) If only one row (column) with positive supply 
(demand) remains uncrossed out, determine the 
basic variables in '-the row (column) by the least 
distance method. 

(c) If all uncrossed out rows and columns have (assigned' 1 
zero supply and demand, determine the zero basic 
variables by the least distance method, stop, 

(d) Otherwise, recompute the penalties for the uncrossed 
out rows and columns and then go to step II. (No tic 
that the rows and columns with assigned zero supply 
and demand should not be used in computing these 
penalties). The Initial basic feasible solution 
obtained by the Vogel's Approximation Method is 
shown In Table 4 
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Now shall solve our transportation,. problem using Simplex 
Method where the initial feasible solution is obtained by the Vogel 1 ' 
Approximation Method, Generally} it is observed that this method 
gives the initial fesible solution very near to the optim 
and with much less number of iterations the optim 1 solution c n 
be. obtained as compared to other ones. 



Let us denote the row penalities by R 4 , i = 1 ,2,3,4 
and column penalities by C^,j = 1,2,3,4,5,6,7,8,9,10, Using Step 
I of the method we calculate Rj_’s and Cj 1 s for our transport- 
ation problem. In our case 

Rl = 1.27, R 2 = 2.79, R 3 = 4?lS, R 4 - 5.89 

C-, = 4.35, Cg = 7.98, Cg = 2.90, C 4 = 10.54,C 5 = 7.40 

C 6 * 2.53, C ? = 4.25, Cg = 9.42, Cg T . 14.55, C 1 0 - 1,1* 

In Step II we choose the maximum amongst all Ri 1 s and 
Cj 1 s. In our case it is C Q = 14.55. This shows that first of 
all we have to make maximum allowable allocation in this column 
to the minimum distance cell. The minimum distance cell in this 
column is 8.42 so allocate all the 4 trucks to this cell i.e. 
all the four trucks load from the Najafgarh Zone to the Tilak 
Nagar disposal site as it can swallow all the four trucks. Now 
the remaining capacity of this zone is 26. Since all the refuse 
from the Najafgarh Zone has been allocated, the distance mat ri-’-- 
is reduced by one column. Now again we use Step I and calculate 
R 4 's and C-j’s. The new R^'s and C-j ’ s ares 
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R-j = 1.27 R 2 - 2.79, R 3 = 4.42, R 4 = 5.89, 

= 4.35 C 2 . = 7.98, Cg = 2,90, C 4 = 10.54, Cg •5.7.40 

Cg = 2.53, C 7 = 4.26, Cg = 9.42, C 1 0 = 1 .16. 

The maximum of R i ! s and Oj's is C 4 =. 10-54. In this 
column we have 27.truqks load of refuse tpbe transported. 

Now the minimum distance cell in this column is 7.39 so we 

allocate all the 27 trucks of this zone to the Ring Road 
disposal site as it can swallow all the 27 trucks and the 
remaining capacity of the disposal site is 100 trucks load. 

In this way all the refuse from the New Delhi Zone has been 
transported to the Ring Road disposal site so our distance 
matrix is again reduced by one column i.e. C 4 . Again claculate 
the Rj^’s and C-j’s for the reduced matrix. The new R 4 ’s. and 
Cj 1 s are j 

R 1 = 5.04, R 2 = 2.79, Rg = 4.42, R 4 = 5.89 

C 1 = 4.35, C 2 = 7.98, C 3 = 2.90, C g = 7.40, Cq = 2.53, 

C ? = 4.26, Cg = 9.42, C 10 = 1.16. 

The maximum of R.'s and C i 's is C 8 = 9.42. In this zone 
31 trucks load of garbage is generated and the nearest disposal 
site III is at a distance of 4,27 km but we cannot allocate all 
the 31 trucks to this disposal site as the remaining capacity of 
this site is 26, so we allocate only 26 trucks load of garbage 
to this disposal site. 

In this way the opacity of this disposal site is exhausted 
and therefore this row is deleted from the distance matrix. 



-8 ' ru . 

Again we calculate R^'s and C.’s: 

«3 

R i = 5.04, R 2 = 2.79, R 4 = 5.89, 

C 1 = 4.35, C 2 = 7.98, C 3 = 2 . 10 , C 5 = 7.40, C 6 = 2.53, 

^7 ~ 4.26, Gg — 7 0 61 , C-jq = g o 05. 

The maximum of R.’s and C. ' s is C,,^ = 8.05. So 

a 3 10 

column 10 is considered for making allocations. In this zone 

we have 6 trucks load of garbage and the minimum distance cell 

is 21.56 km thus we allocate the 6 trucks load garbage to the 

disposal site to Kailash Nagar. Since the whole garbage from 

this zone has been transported, so this column is also striked ol 

and R.’s and C. 1 s are calculated for the reduced matrix. ■ 
x 3 

R 1 = 5.04, R 2 =2.79, R 4 = 5.89, 

C 1 = 4.35, C 2 = 7.98, C 3 = 2.10, G g = 7.40, Cg = 2.53, 

C ? = 4 <,-26 , C 8 = 7.61 . 

' The maximum of R^s and Cj's is Cg = 7.98. So we 
allocate all the 46 trucks load of garbage from this zone 
to the disposal site at Hal nu Ka Tilla as 5.84 is the minimum 
dist ance cell in this column. The remaining capacity of this 
disposal site is 54 and column 2 is* delted from the distance 
cell in this column. The remaining capacity of this disposal 
site is 54 and column 2 is deleted from the distance matrix. 
Again we calculate R^ 1 s and C^’s for the reduced matrix. The 
new Rj _ 1 s and 1 s are s 


*> ® « 

R-l = 5.04, R 2 = 1.84, R 4 - 7.85, 

C 1 = 4.35, C 3 = 2.10, C 5 = 7.40, Cg = 2.53, 

C ? = 4.26, Cg = 7.61 . 

The maximum of R^s and C-j’s is R 4 = 7.85. This 
disposal site IV has a capacity of 34 and the minimum distance 
cell in this row is 7.93. But we can only allocate 29 trucks 
from this zone VII as it has only 29 trucks load of refuse 
generated. This we transport all the refuse from this zone to 
disposal site IV, the remaining capacity of the disposal site 
is 5 and column 7 goes off and we calculate R.'s and C. *s again 

X J 

for the reduced matrix. 

R 1 = 5.04, R 2 = 1.84, R 4 = 0.89, 

C 1 = 4.35, C 3 = 2.10, C 5 = 7.40, C g = 2.53, C g = 7.61. 

Now in the zone VIII only 5 trucks load refuse is left 
which can he transported to the minimum distance cell 13,69 
l.e. to the Majnu Ka Tilla disposal site. The remaining capa- 
city of this disposal site is 49 and all the garbage from 
Zone VIII is transported in column VIII is also deleted and we 
calculate new R ± f s and O-’s for the reduced matrix: 

R-j = 5.04, Rg — 1.84, R 4 := 0.89, 

C 1 = 4.35, C 3 = 2.10, Cg = 7.40, Cg = 2.53. 

Now the maximum of R i f s and C^ T s is Cg = 7.40. So column 
V i.e. zone V is considered 'and the minimum distance cell in 
this zone is 17.07 whicli shows that from this zone all the 17 
trucks should be transported to the Ring Road disposal site 
and the remaining capacity of this disposal site after disposing 



17 trucks from zone V is 83 and Column V is 
the distance matrix and the new R.'s and C. 


The maximum of R^s and C^s is R 1 = 5.04 row I 
is considered and the minimum distance cell is 6.12 which is 
m column I* This zone has 48 trucks load of garbage generated 
and the disposal site has also the capacity to swallow these 
48 trucks, so all the refuse generated in this zone is trans- 
ported to the Ring Road disposal site whose remaining capacity 
after disposal of these 48 trucks load is 35 and column I is 
deleted from the distance anH -f mat, to ^ ^ . 


The maximum of %'s and C^'s is R 2 = g. 96 so row ;I 
is considered and the minimum distance cell is 8.63 which is 
in column VI (of the ort e Tr-’ matrix). This disposal 

site has the capacity of 49 trucks load only whereas in this 
zone VI the refuse generated is SS trucks load, thus only 49 
trucks load from this zone - can be disposed in the disposal 
site at Majnu Ka 1:111a. Therefore, we delete this row and cal, 
R i' s and 1 s for. the reduced matrix: 

R 1 = 2 * 53 ’ R 4 = S»73, C 3 = 5.71, C 6 = 5.51. 

The maximum of R^s and Cj *s is % = 5.71 so column. 

II is considered where we have 37 trucks load refuse 
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and the minimum distance cell is 13.69 which lie in row I. 

This disposal site is left with 35 ..trucks load and as such 
we can transport 35 trucks load from this zone III to disposal 
site I. Now 2 trucks load left is to be sent to disposal 
site number II. Similarly 3 trucks load from zone VI are to be 
transported to the disposal site IV. 

Table 3.6 gives the final allocations by this Vogel's 
approximation method which is considered as the initial 
feasible solution for the simplex method to be applied for 
obtaining the optimal solution to the problem. 



To find the optimal solution with the help of simplex 

method, we have to choose XL ' s and V.'s arbitrarily such that 

~~ «3 

+ + dij = whenev^x ueiongs to the basic set and 

evaulate dij = dij + U. + V. .Ter the. non basic xij . If dii> 0 
® ^or all non basic xij ' s we have a minimum value of the objective 
function i.e. we have an optimal solution to our problem. 

Table 3.6 gives the initial basic feasible solution 
to our allocation problem and now we proceed to choose U^’s 

V ^' S SUch that U i + + di J * 0 whenever xij belongs to the 

basic feasible solution set. 


If we choose - 0, we can calculate = -6.12, V 3 = 


-13.69, V 4 = -7.39, V g = -17.07, with the help of V 3 = -13.69 
we obtain U 4 = -5.71 and with the help of U 4 = -5.71 we get v 1Q 
15.85, V ? = -2.22, V g = -10.96, with the help of V g = -10.96 
we obtain Ug = 2.33 and with Ug = 2.33 we obtain Vg = -16,02, 

V 2 8.17, with the help of V g = -16.02 we obtain U g = 11.75 
and with the help of TJg = 11.75 we obtain V Q = -20.17. 


Now we have to calculate dij = dij + U-. + V. for those 

... . . a 5 

cells which do not belong to the basic set. This way we calculate 

d 12 = 9.60 q g = 0.20, = 10.42, &| g = 6.20, a ,' 9 = 13.70, a , 0 

7 • 32 , 6 . 08 , dg 3 — 0 . 23 , dg 4 = 16. 82 , dgg — 16. 82 , dg^ = 

12730, d 2Q = 5.13, dg 10 = -0.01, d 31 = 24.15, d32 = 18.88, d 3 3. = 
6.75, d 34 = 28.14, d3 5 = 23.66, d 36 = 13.42, d 3? = 41.20, d 3lQ = 
8.25, d^ = 3.95, d 4 g = -0.06, d 44 = 4.83, d 4g = 1.69, d 4g = -0.43, 
d 4g = 5.08. (Table 5} 



The only negative dij's are ' 

a ho =“0*oi, d i 2 = -o.oe, d4 8 = -0.43. 

The most negative is d ’ 48 = -0.43 which mens that 
X 4g should come into the basic set. For bringing X 4 g into the 
basic set, we have to find the closed loope such that the 
basic feasibility is retained. As such we allocate 3 trucks to 
X 4 g and deallocate 3 trucks from X 4g and allocate 3 more to X 2 g 


and deallocate 3 from X co . With this, the number of independent 

do 

allocations ism+n -1 = 4 + 10-1 =13, which shows that the 
basic feasibility is retained. Again we choose U. ’s and ?. "s 
in the same fashion and test that dij = dij + ^ 0 for 

" ' ' ■ ■ • ' ; '-V :v 

the non basic entries if we get all dij ^ 0 , the optimal 
solution is achieved otherwise we repeat the process. After 
the second and third iterations (Table 6 and ? ) , it is only 
in the fourth iteration (Table 8 ) , we find that all dij = 

dij + Ui + V j ||jj 0 for all the non basic entries and as such 
the optimum solution is achieved. 

Thus it may be seen that when a scientific technique 
is applied, the efficiency of a system goes up. As stated 
earlier,, the MOD is covering a total distance of about 7,000 
km/day. In the case of the present exercise, the result obtained 
by the Simplex method is 2612.98 km/day (Table 8 ) which is 

one way travel to the disposal sites. The total distance covered 
is thus double of this figure i.e. 5225.96 km/day. Hence there 
is a reduction of about 25 per cent in the total distance-. 
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First Iteration using Simplex- Method 
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Second Iteration Using Simplex Method 
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Table - 8 . 

Poa.rt.h and Pinal Iterations Using Simplex Method 
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operational mechanism of environmental sanitation 

and SOLID UASTES MANAGEMENT: PLANNING IMPLICATIONS 
AND PU BLI C RELATI ON S 

BY 

D'. N. Khurana* 

India is ons of- the most densely populated countries 
in the world. Major part of the population livas in rural 
India. Basing it on 1971 census, only 20 percent of the 
total population was living in 3119 urban areas,! Due to 
Employment potential the urban areas have been an increasing 
source of rural to urban migration. To suport this, it may 
ba stated that population of Delhi which uas 17# ! 44 lacs in 
1951 increased to 26, =59 lacs in 1961 to 40,66 lacs in 1971 
and to 61,96 lacs in 1981 (estimated at start of census of 
1981 ) , This is resulting in haphazard growth of the metropolis,! 

To arrest this, it is necessary to develop new areas as 
suburban/satellite towns. 

On the major problems of environmental sanitation 
in urban areas in management of solid wastes which is geheratad 
due to activities of an individual and consists of ashes, 
house sweepings, kitohsn, waste, vegetable waste, rotten fruits, 
road sweeping, cinder, pieces of wood, iron, glass, china 
were paper, plastic, rage etc, In developed countries even 
furniture, T.l /*' fridge and the like also form part of solid 
wastes. Quantum and type of solid wastes . depend on economic 
position and standards of living of the society. 

Part of solid wastes produced in recycle able like 
paper, plastic, glass, et c.= and is picked up for re cy dining 
by a section of the society,^ Solid Wastes, therefore, can 
be defined as rejects of the society; and in unsawered areas, 
even night soil forms part of solid wastes# • 

>■' f <1 .L.hT.y TTV!; L:. P/' : V/' dddd' T-v;- ' j y j .■:/ yj C; [ 

* Di re ctorwcum- Deputy Municipal Engineer, Conservancy & Sanita- 
tion Engineering Department of Municipal Corporation of Delhi,! 




Solid waste contains large percentage of organic/ 
putrifiable materials and due to climatic conditions in India 
its daily removal and scientific disposal is a rust from 
health/ aesthetic point of view*' ' 

Solid waste is also generated by various industries/ 
institutions which is required to be managed by the management 
of industries* 

I.rnpa r.ativ e : , requirements of solid waste management thus need 
to be kept in view by planners/local authorities, while 
planning new town, small and medium town and also for extension 
of existing townships and metropolitan areas. 



H ag nit u da of Pro blems: For proper assessment of organisational 

equipment and disposal requirements of solid wastes, it is 
necessary to assess the quantity and quality of solid wastes 
generated and which will have to be handled/managed for a new 
development. There is very large variation in quanity.' The 
quality is not only different in Various cities but also 
various in different parts of the same citi. This Variation is 
due to i ■:■/■■■ '[ if . 

a) .Variation in economic status of inhabitants of various 
towns and reas of the, same town/ city; and 

k) Variation in activities. • ■ 




That is why the generation of wastes varies from 250 gms. 



to 1000 gms. per capita.! Even the density of garbage has 
also large Variations due to reasons given above and it 
from 100 kg. 1 par cum. to 500 k. g« : per cum. 


Administrative Set-up: 

Solid Uaste Management is generally controlled by Health 
Officers assisted by sanitation staff.! Povt, of India 
considering importance of the subject appointed a committee to 



go Into the problems of solid waste management and make 
rscomrsn d at ions for effective .management of. solid wastes • 
und.-r the Chsrimanship of Shri. B, Sivar.aman, Vice- Chairman, 
National Commission on Agricultu re an d the Member, Planning 
Commission. This committee submitted its report in 197£S.*i 
One of the recommendations of this com frit tee on administrative 
set up is reproduced below:- 

.R eoo jri ran . dqti on . _ teaLJUi 

n The services of the public cleaning, machanical 
transportation and proper disposal of urban wastes should be 
put under unified control of a qualified public health 
engineer supported by qualified junior staff in different 
disciplines. To begin with, all local authorities’ in cities 
with population over one-lakh should implement' this suggest ion”. i 

It may be mentioned that solid waste management is 
b8 controlled by Engineers in certain municipal Corporations 
like Bo tray, Calcutta and Delhi. Pattern of staffing / hardstick 
is yet to be worked out 3 s is prevalent for usual Engineering 
work.' 

J^ 2 0 * r .tr.tsn; strata dy for human jsxcewrta, .disppsal.. , 

The necessity of disposal of human excerte by water - 
torne system needs no empahasis but due to financial restraints 
and time required for laying sewers, water lines, and sewage 
and time required for laying sewers, water lines, and sewage 
treatment plants, it is not possible to provide sewage 
treatment plants, it is not possible to provide sewage 
systems every where, Cent percent ' area of the met ropo lies is 
even not sewered till today due to restraints mentioned 
above. It is, therefore,, desirable that to arrest migration 
to urban ar^as, the suburban tools be laid out and allowed 
to be habited after providing minimum basic services. The 
sewers oan be provided later on.’ The disposal of human 



excreta can be through "pour flush latrine" uhi c h Ca n be 
connected to seuars as and shon that facility is available. 
This type of latrine has not seqUatting pan with a trap 
having a water stal of about 20 mm to 25mrr and can be 
flushed with water used for and cleaning. The excreta i s 
dieoharged in to one of the two pits provided as per 
requirements based on tourrber of users. The other pit is 
utilized after the first is completely full.. The first pit 
is^ allowed to retrain covered for about 18-20 months during 
which the excrete gets converted into compost a nd can be 
excavated and re-used when needed J The compost thus dug 

out can be utilized in fields* This will also avoid manual 
handling of exersta. 1 

This system will also reduce the requirement of water 

m the first instance, which is one of the basic necessities 
for to wns.i 

Thu. above suggestions can also be implemented even for 
stopping unauthorised sale of plots in suburbs of metropolis 
and may help in solving in problem of h a pha 2 ard growth. 

OF SOLID UflSTE 

k°.. u Jl£g- .and coli c ct i o n of Sol id Waste 

Source of solid wastes c a n be i) industrial units 
ii) oommercial/institutional complexes Hi) household 
iv) road side sweeping 

Solid wastes generated by (i) a nd (ii) a bovo is 
generally mahaged by owners of the indust riqs/org a ni Z Qrs. 

Solid wastes generated by households is delivered 
by customary/private Sa fai karamcharis to collection centras 
provided by the local authorities System of doo iwfco-door 

collection h as not yet developed in India and is not being 
dealt with here.: . . 
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Rosd side sweeping' is the responsibility of the local 
authorities. These svjg ©ping s were carted by the safai 
karamcharis still recent past as head loads to collection 
centres. 9ut this system is being changed and safair 
karamaharis arc nou utilizing wheel barrows for cartage of 
road side sweeping at feast in Delhi Municipal Corporation. 1 
The wheel barrows are generally stored on road side, after 
the day* s work is complete, by a safai karams’hari and sp a co 
is required for proper storage of these. It will be desirable 
to provide a n office for. Assist ance Sanitary,. Inspector/ 
Sanitary Inspector in the arc a which can also provide for 
storage of wheel borrows, stores for daily consumption items 
ate.'; etc*! and can also work a s a liaison office for the proper 
up keep of the area and to keep contact with the public. 

Number of such units will be dependent on many factors; one 
of which is the strength of staff both workers/ supervisory. 
Yardstick adopted in Municipal Corporation of Delhi for 
sanitation staff is as under.J- 

( 1 ) Y gr dstick for ro ad s we so in o i 

(a) Congested area - One safair Karamchari for 
2322.i 5 sq. 1 mtrs (25,000 sq* ft) 

(b) Medium areas - One safai karamchari for 4645 sq.j 
mtrs (50,000 sq.' fit) 

( c) Open areas- one safair karamchari for 9 290 sq*! 
mtrs (1,00,000 sq*! ft) 

( 2) Yards tick for .o.P_gn_ _drain si, 

(a) Shallow drains? 0no safair karamchari for 
10 67 mtrs (3500 fts) 


(b) Desp drains carrying sullage - ana safair 
karamchari for 762 mtrs (2500 rfts) 




•• 6 ■* 


(c) Su ll ago . .. drai n sJL One safair kararrchari for 
305 rrtrs ( 1,000 rfts) 

( b) St orm jjat er .drain s. I Ons safair karamchari for 
1600 rrtrs (5, 280 rfts). 

The uork of 20-25 safair kararrcharis is supervised by 
on® Asstt , Sanitary Inspector/Sanitary Guide. One Sanitary 
Inspector supervises the uork of 4-6 A.S. is/Sanitary Guides 
and there are C S Is and Sanitation Supdts for further 
supervision, control and guidance. 

Planning I rrpli c at .ions 

(a) Office location: While Planning neu areas, it will be 
appropriate that suitable sites are earmarked for offices 

of AS Is / S Is uhich should also provide for storage facility.: 

(b) Site, fo r Quar te rs of jSanlt a t ip n_ _St_af.fi, Site for quarters 
for Safair karmchar is bo also earmarked in the layouts so 
that their place of uork is not far off from the place of 
duelling. Flore-over, this will help in avoiding segregation 
and give an impression of mixed colony as recommended by the 
committee appointed by the Government of India. 

(o) -QP-iAP-pt i on _Cg ntres: Refuse generated from various house- 
holds, institutions and road sueepings' is collected at 
suit ablly located collection centres. These collection centres 
carry different names in different areas and in Delhi u e 
call covered collection centra a * dalao* uhich as the capacity 
of 20-25 cum.- and the open collo ction ‘ cont re is called a 
dustbin h B ving ' capacity of 2-3 cu.lms.i . 

For prop- r up- keep of * dalao* space for small store/ 
choukidar hut alonguith space for loading of refuse is also 
required. ■ hi 1 \ r ' ' 



Municipal Corporation of Delhi h,?s developed a split 
level 1 Dalao* where waste is collected at higher lov.$l and 
is loaded into a truck parked at lower level by just dragging 
It has helped in cresting /better sen it at ion end has reduced 
the loadin.g ti ms as well as fatugue of the workers. .This 
type of 1 Dal ao* can be provided where the feeding area is 
higher than the collection centre by about 1.3 rrbrs to 1.5 mtrs 
so that split I'.vsl can be achieved without any drainage, 
problem at truck parking place, 

Li ft able bins can nt substitutes for small dust bins 
hut equipment for lifting it an ,d emptying it into truck is 
yet to be developed. This will minimise double handling by 
the safai karamcharis,' 

Locations of dust bins and 1 Dalaos 1 should be garmarked 
in the layouts plans at the planning stage because once houses 
come up, none permits construction of collection centres which 
perform s very important role in the solid wastes management.; 
Locations should br such th a t vehicles got more accossiblo 
roads with proper easy approach as well as turning space, if 
needed. 

Transpo rtation: 

Transportation of solid wastes to disposal sites is 
equally important as collection. Vehicle s/cquxprrent for this 
purpose have not y t bun standardised. In small town local 
bodies, the waste is carted even by bullock carts. Till 
recent past only flat body trucks were /am being utilized 
for transportation,: These were loaded/unloaded manually. 

Hence, the labour h a d to move along with the vehicle for 
which a cabin h a d to be- provided alonguith the cabin of the 
driver. This reduced the carrying capacity of truck by 



about 20 percent,; Apart frotr that, the tin’s taken for 
leading, unloading was/is more than the travel time and hence 
trucks are not utilized optimally. Improvement over this 
aspect has been achieved by utili 2 ing trucks with tipping 
arrangements which saves the unloading time and space for 
cabin for workers is added to carrying capacity because all 
the workers are not needed to go with the vehicle for 
unloading. 

Another equipment front-eh d-loader is now available 
for loading wastes into trucks. This reduces the loading 
time resulting in more trips by the vehicles. Though initial 
cost of this s/stem is there but ultimately it is economical. 
This equipment of course can be used when sufficient spaco 
is available and collection centra is big anough where the 
equipment can move in. 

Trolley tractor can be is being utili z ed for cartage 
of wastes from congested areas where trucks cannot enter. As 
tractor is not an equipment for- long distance travel, transfer 
stations are needed for transhipment of wastes to fast moving 
vehicles especially where disposal sites are far off. ' 

Equip out called carrier container has recently been 
introduced which is an improvement over tractor trolley 
system, ; tlfT ; ■ 

Certain othar equipments like ’mobile compactors’ and 
hydracon roll off tippers’ have recently been developed. The 
former are being utilized in 'Bombay and Calcutta whereas the 
latter at Ludhiana. ®e fore the equipment for transportation 
of solid waste is standardised, lot of research a nd 
development work will h a vs to be done, keeping in view the 
tough task it h a s to do, because the equipment has to move 
over loose torrain at disposal sites. ' 



Whatever typa of equipment is utilized, maintenance of 
it will ha v? to be taken care of, Committee appointed under 
the Chairmanship of Shri 8 Sivaratran- h 3 d given its recommen da~ 
tions for uorkship for repair of transport vehicles, for 
their parking and for fueling arrangements for towns ha vino a 
population of 3 lakhs, ' 

At the tint, of initial planning, space for such 
workshop uill have to be earmarked. 

Where dispo sal' sit as are so located that transfer 
stations are needed, the sites for these uill also h a ve to be 
earmarked in the layouts. 

aaaakL 

Scientific disposal of solid 'Wastes is one of the 
important aspects. Generally following methods of disposal 
are adopted: 

1. Sanitary Landfill 

2. Composting 

3. ’ Incineration 

Sanitary landfill is the most comrron and cheap method. 

Of course, it consumes land and is sometime helpful in reclaiming 
lands also, -LV y. ‘ 'Lv,L 

Solid waste containing organic matter when dumped 
gets convert ,3d into compost in due course of time. Certain 
local bodies have been selling this compost to farmers. 

Composting cah be accelerated by mechanical arrangements and 
is gaining momentum. Machinery for comp o sting is still 
to be st andardised, especially with reference to its utility 
to small local bo dies. -:y. 

Conpost cannot bs considered as final disposal 
because all the wastes is not consumed by it a nd rejects 
of compost which vary from 40 to 60% h a ve to be disposed of 
by landfill method. Composting as such can be considered a 
complement system of dis posal to Sanitary Landfill. 






In cinerat ion : Incineration has not yet been adopted for 

solid wastes disposal, is general, in India. In certain 
hospitals, no doubt, the hospital wastes are disposed of by 
inciner at ion. Residue of icinaration, of course, has to be 
disposed of. 

Planning Itrpli cat ions: Site for disposal of solid wastes be 
earmarked while planning now to unship a/extension of towns, 
keeping in view the following points:-* 

1. j Uind direction prevailing 

2 . ! Ultirrate use of filled up area 

3 . ! Risk of pollution transferred during filling 

4 . ! Ecology of the area 

5*- Risk to water source 

6 ,' Site be approachable by road capable to cater for 
traffic generated. 

7*1 Suitably away from residential area 
.8*1 Should be so located that it does not ere a te 
risk of bird strike on the a ir craft. 


Pu blic Rc l at ion-,: Public participation and cooperation is a 

must for keeping environment clean. It is, therefore, nece- : 


ssary to arouse the individual concerned for personal health 
* a nd well being.' For this purpose suitable posters/leaflets 
errphasing various aspects of keeping environment cle a n should 
be prepared be prepared and distributed to the house holders, 
school going children and others at their place of work, 
films cinema slides can be prepared and shown to the public. 
Mass media ban also be utilised to impart information a nd 


arouse individual concern on personal he a lth and well being, 




Assistance of people of influence such a s religious 
leaders, elected representatives, trade union le aders, etc.! 
should also be sought to gain the confidence and cooperation 
of tha public.. 
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To' sscure acceptance of public for now sites of collect 
tion ccntres/sispossl situs, it is necessary to educate their 
will in advance by spelling out the nr ccssitics/bunc fit s 
which can accuruc to the public of most hygienic and clean 
environment. 

.Surrqryjj. 

1) To provide clean environment with low cost sanitation 

uc may adopt 1 pourflush latrine*, till thru water borne disposal 
of excrete is available so that there is no delay in develop-' 
rront of now towns large and small.' This will also minimise 
the development expenditure in the initial stages.' 

2) Above type of nxcrot a/ disposal can also be adopted in 
hapharzard development in the vicinity of metropolis or big, 

3 ) Appropriate sites should be earmarked for A.S.! I, & S, ; Is 
Offices which should alsoprovido for storage facilities in 
the lay outs of tho towns to be developed. 1 

4 ) Situs for quarters for safai karamcharis be earmarked 

in the layouts so that their places of work is not far off froir 
the places of duelling. It will alsohelp In avoiding segrogae* 
tion and give; an impression of mixcdcolony as recommended by 
the Committee appointed by the Govt, of India. 

5) Location of dust bins and 5 Dalaos* (collection centres) 
be earmarked in the layout plans at the planning stage. 
Location should be: such that vehicle get proper accessible and 
easy approach roads.: 

6) Space for uPrkships, parking places for transportation 
vehicle and equipment be earmarked in the layouts. 

?) Uh^ro disposal sites arc solocated that transfer stations 
arc needed sites for those be earmarked in the layouts. 

8) Landfill sitas be earmarked keeping in view the following 
points; 
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1.1 Uind direction prevailing 

2.1 Ultimate use of filled up area 

3.1 Risk of pollution transferred during filling 

4.1 Ecology of the area 

5.! Risk of uater source - ' 

6.1 Site be approachable by road capable to cater for 
traffic generated, 

7,; - Suitably auayfrorr residential area 

8.1 Should be so_located that it does not create risk 
of bird strike on the air craft.! 


Public cooperation should be sought for better up keefo 

-£> in >nn m n 4~ 1 G on 1 4*. 1 OH ^ i 




MUNICIPAL CORPORATION OF DEL 


JsLJU R AVI KUNAR . S £ S .C AUXOj.^JiC,Q 


1 . I NTRODUCTION ; 

Municipal Corporation of Delhi has to take cars 
on the sanitation work of 1399 sq« Km. area of 1484 sq. Km. 
area of Delhi, Out of this 241 sq Km. is city area and 
1158 Km. is rural area. City and urban area aro thickly 
populated and enormous solid waste is generated daily in 
these areas. These solid wastes are mainly collected from 
street and road cleanings, house hold wastes, trade wastes and 
slaughter wastes. On an average 2000 tons of solid waste is 
generated every day from those areas, 

1.2 Tho solid wastes are collected every day from area 
and stored temporarily in various points earmarked. These 
storing points are called 'Dalaos* and ’Dust bins’, 'Oalao 1 
is a big masonary covered structure where minimum 3 to 4 
vehicles load can bo accumulated. The 'dust bins' are of four 
types as given balow;- 

i) Open Flasonary 1/4 to l/2 truck load of refuse 

Structure can be accumulated. 

ii) Steel Containers These are having a capacity 

(largo) of approx 6 cum. and arc carried 

by carrier container system, 

iii) Steel Containers Those are having a capacity of 

(Small) approx 3.5 ru.m, and arc carried 

Dumper — Placer Uehicle, 

iv) Steel Containers These are having 10 cu.m. 

(Large) capacity and are carried by 

Hydro-con roll off Tipper system. 



1,3 The solid waste collected in various plmSss are to 
be transported and disposed off in proper way daily since 
those wastes if allowed to remain in one place will become 
put rified and can pose a health hazard. Hence an organised 
transportation system works in the municipal corporation of 
Delhi to take up this task of transportation of solid waste 
daily. 


^ * 


T.R AflS .PORT OF ,5p,LI n Q M Al-TE 


24 1 JElsisansojaa 

For the purpose of transportation, following 
vehiclcs/squipments are in uses- 



i) Flat body trucks, 

ii) Truck with tipping arrangement, 

iii) Dumper-Placer 

iv) Tractors. ■ 

v) Trolleys ( 2 wheeled & 4 wheeled) 

vi) Container carries, 

vii) Front. and Loaders. 

viii) Hydro-Con, Roll off Tippers# 

T R A u 3_ p JR T AT 1 0 M BY l/EHI CLLS ; 


Mostly, the loading of the solid waste is done 
m annually. The staff loading the solid waste are known as 
Lorry Boldars. Gen 'rally 4-6 Lorry Beiders are detailod with 
each vehicle and they load the solid waste into RR (Refuse 
Ramoval) Trucks from Dalaos/Dust bin. However in feu places 
the Front and loaders are used for loading garbage in the 
R .R . Trucks. For those vehicles which are not having tipping 
arrangement the lorry 'boldars accompany the vehicle to the 
Land Fill site and unload m annually. There is a separate 

, V dT'Tdv'Tdgmdf^Tfgy;^ d -d;:.- ’■■L.T/T ;f. : :/d' : T'"';fbd; : yd,g^.Tfdp :-d'Vd-'L'dyd/dy : d:;;d f d r d. ; ■ ■ d i , :d. ; d' ; d.; : - ;; d ! 'y : : ,d : 

labour compartment provided in the cabin of the vehicle itself 
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where the lorry beldars can sit. In the '•••?? .vehicles which 
are having tipping arrangements, the solid waste is unloaded 
automatically by-tipping arrangement. • About 40 % of the 
fleet strength are net having tipping arrangement and 
remaining 6Q/o of fleet are with tipping arrangement. 

2.3 CONTAINER CARRIER SYSTEM.* 

A two wheeled carrier is towed by an industrial/ 
agricultural type of tractor. This carrier itself can pick 
up automatically the container placed in the area and 
carry it to the land fill site. This system itself is 
having a tipping arrangement and hence unloading is done 
automatically. These containers are having 6 cu.m, capacity 
and the tonnage of solid waste carried is 3 to 4.5 tons. 

2 . 4 JM CTOR. ~-TR 0 S YSIJT] ; 

In this system the tractor tows tho 2 Ubeelsd/4 wheeled 
trolleys to the landfill site and unloading is done by 
automatic tippinn. This system is working mainly in congested 
areas viz Sadar Paharganj lone (SPZ) and City Zona (CZ) f 
In S .P. Zone, the two wheeled trolleys c.re used for carrying 
slaughter house waste. The trolleys are parked in tho 
slaughter house itself and tho solid waste is loaded 
mannually. The tractor town the trolley and unload it at 
Sanitary Landfill. In City Zone the trolleys aro kept in 
congested area/ land Where trucks cannot no. Hero also 
tractor hauls the trolley and tipping is done by tipping 
arrangem ent . 



2.5 DUMPER-PLACER OPERATION: 

Steal containers of 3,5 cu.m, capacity are kspt in 
one zone i.e, New Delhi South Zone. These bins are filled 
mannunlly. The vehicle with boom arrangement in the body, 
pick up the container from the area and places it an its 
body. Vehicle is driven to the land Fill Site and tipping 
is done hydraulically. Again the empty bin is brought 
back and placed . automatically by the vehicle itself. From 
the type of the operation of the vehicle, it is known as 
Dumper placer, 

2.6 SHALL TI PPER OPERATIONS 

Matador vehicles, having tipping arrangement uit’n 
approx, 3.5 cu.m, capacity.. are being used in zones. These 
are mainly usiDd to transport the silt removed fron Nallahs 
and small drains, 

2.7 R VOR CD- CO N- R DLL Q" F TIPPER : ' , 

This is special device amounted on vehicle, which can 
take a container loaded with refuse of 10 cu.m, capacity on 
to the chassis from ground level and than it is driven to 
Dumping Ground. Unloading is done by tipping, and then the 
container is brought b -ck and kept at site. This equipnent 
is operated with one vehicle fitted with . equipment and 8 bins 
of 10 cu.m, capacity. By using this equipment number of trips 
made by vehicle per shift con be easily doubled and may be 
even morn depending upon the lead to the dumping site. 

3 . 4 '44 ... / 

At present all the Refuse Removal Vehicles are of a 
single moks, T he standardization has been dons to achieve 
the following*- ; 


4 . 


a) Better inventory management. 

b) Easy training of technical personnel 

c) Interchangeability of parts/assys. 

d) Better training of operational staff etdj, 

WORKSHOP FACILITIES; 


The semi-mechanisation programme can only be successful 

/ 

if there is a provision for batter repair and maintenance. 

For this purpose Municipal Corporation of Delhi has got 1 


Central Workshop and 6 Zonal Workshops. Lead-chart showing 
the equipment s/'./ohiclss of each zone is given at Appendix ’ft’ 

A small-workshop is also located at Compost Plant, where 
recycling of the solid waste into agriculture mannura is being 
done. 

4 . 2 CENTRAL WOR KSHOP : 

Contral Workshop has got the following functions 

i) Engine overhauling (for entire general wing vehicles) 

ii) Bull Dozer Repairs, 

iii) KaralB-jgh Zone refuse trucks repairs.. 

iv) Running a service station, 

v) Light vehicles repairs. 

vi) Running a patrol and diesel pump. 

The zonal workshops send the engine assemblies to Central 
Workshop and as far as possible a replacement in given 
immediately. On an a/erage 100 to 120 engines are overhauled 
in this section per year. For refuse removal vehicles, 
servicing programme is issued and effort is made to ensure 
that the R .R , Vehicles are serviced once a month at least. 


4,3 ZOjiAL, . u ORJ< s iiOP3,s 

The Zonal Workshops undertake all type of jobs in a 


vehicle, except engine overhaul. Each Zonal Workshop is 
having required staff for all jobs viz welding, painting. 


Smithy, body repairs, electrical jobs etc. Each Zonal 
Workshop is having Assistant Engineer (Auto) or Foreman 
of Assistant Foreman. 

4.4 EFFmENCY- 


The on road percentage of vehicle fluctuates between 
80 to 85/S, 


5 . S Efil -flECH ANI SATI ON PROGRAM ME I- 


Mechanisation programme is in process and as a first 
stage feu Front End Loaders are being pressed into sorvics, 
especially in tuo places viz Azadpur Vegetable whole sals 
market, and Slaughter House. In those two places the mannual 
loading involves iots of manpower and also behiule utilisation 
becomes poor if mannual loading is done. Front and loaders 
with 600 kg/700kg, bucket capacity arc being used. By using 
this equipment loading is done mechanically and since the 
unloading is by tipping, most of the o Duration becomes 
mechanised. 
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BUILDING AN * INVENTORY CONTROL FIOOEL* 

FOR A CONSERVANCY DEPARTMENT 

GIRISH K. MISRA* 

The manager of a conservancy depart tre nt in metropolis 
faces a problem that is worrying him# The total annual demand 
by his department for lubricants of a particular brand is 1,200 
tins# this demand m an i fats itself at a rata per unit of time 
which (for the sake of simplicity) we assume to be constant and 
known in advance to the manager*! In order to be able to meet 
the demand at the time when it manifests itself the manager 
must k ep a certain number of tins of lubricants in stock, and 
when his stock runs out he must order a new supply from the 
producers. The problem is that of the number of tins which he 
ought to order -from the producers at one time, aesumino that 
he uents to minimise his total operating costs. 

One possible solution would be to order the whole, 1,200 
tins at the beginning of the year on 1st January, say and to let 
this stock gradually run down fat the constant rate which it will 
be remembered us:: ere assuming) until it reaches zero on 31 st 
December. The average number of tins in stock par unit of time, 
known as the average inventory, would then* be 600 tins- i* : e»j one 
half o f t ha order. si z e« This is illustrated in Figure 1, where 
the do wn- ward- sloping line traces out the gradual decline in the 
quantity of tins hold in stock as the year proceeds from its 
beginning to its and, 1 



* Professor of Urban Studies, Indian Institute of Public 
Administration, New Delhi,! 



If he adopted this procedure, the rr a nage would h a vg only 

one order to give to the producers each y Qa r, so that his total 
annual order! 00 ^^ 00,31 s uoul h he vary Lou. .Or dering cost s are the 
costs associated, for example, with issuing thg purchase order, 
following it up if necessary taking receipt of the goods putting 
therr into stock, a nd settling up with the producers. Clearly hi s 
tot-al annual ordering costs will bg greater, the greater is the 
number of orders he places during the year, so that with ‘only 
one order they will be relatively low.; 

But his total annual ^arx^in^costs will then be relatively 
high. Carrying costs are the costs associated, for example, with 
tha use of warehouse space to store goods, and with the locking 
up of money capital in thg goods so stored.! 1 Clearly his total 
annual carrying costs will be greater, the greater i s the size 
of the order or Orders he places, so that with a single order n? 
1,200 tins they will be relatively high.'; 


1,200 



1 year 
Figure 1 


Average ihventory 



ftt bottom the costs involved here a ra that econorrist s ml 1 
’opportunity art'- a.g., tbs rent which could 
for =n. warehouse space if ft had been 

S^est Sr orofft J lns ° f ^brioantl, a nS ?he 

raney collldhaus bEen earned on tha 


A largo order si ze, then, tray mean lou total annual or dar- 
ing costs, but at the same time, it naans high total annual 
carrying 

lou total annual carrying costs.* Suppose, for example, that the 
manager changed from one order of 1,200 tins per year to six orders 
of 200 tins. His total annual carrying costs uould certainly 
then go doun, since his average inventory uould be reduced from 
600 to 400 tins (see Figure 2).! But at the same time since he 
uould nou be giving six times as many orders per year as he did 
before, his total annual ordering costs uould be six times as 

x. 2 

great.i 


The problem for the manager is to find the most profitable 


possible compromise betusen the tuo extremes i. : e* ! , to hit upon 
that particular order size uhich makes the sum of total annual 
carrying costs and total annual ordering costs as small as it 
can posibly be under the given circumstances. Hou can us help 
him to find this optimum order size? 


Quantity of 
inventory ( Q) 



(Q) 

2 


Figure 2 

Let us feel our uay touards a general solution of the problem 
on the be sis of the particular case we hagie just been considering#! 
The manager’s annual demand for lubricants, ue h a ve assumed, is 
1,200 tins. Let us nou assume further that each of these tins 
costs him Rs.i 10/~ that total annual carrying costs are lauays 20 

2.i This is on the assumption, uhich us are again making purely ffrr 
the sake of simplicity, that the cost of giving an order 
retrains the sarre ybatsver t he size of the order of the 
frequency uith uhich orders ars made* 


per cent of the money v a lug of the average inventory carried, 
during ths year and that ordering costs are aluays Rs.’ 75/- per 
order. Given these figures, us can fairly easily work out the 
total annual carrying plus-ordering costs uhich will be associa- 
ted with each of a number of possible order sizes.! 

This is done in Table 1 In column 1, under the heading 
order size* (uhich ue symbolise by the letter (Q) uo list a 
number of possible order sizes (i.z.! values of (Q) ranging from 
1,200 down to 100 On column 2 ue list the number of orders per 
year uhich uould be necessary, in the case of each of order sizes 
listed in column 1, to enable the conservancy department to meat 
the total annual demand of 1,200 tins. If the size of ths order 
uas 1,200 o n order per year uould be necessary; if it uas 600 
tuo uould be- necessary; and so on. If ue call the total annual 
demand 0, the number of orders per year uill be 0/Q.i 

In oolurnn 3 ue give ths money value of the average inventory 
yhich uill he associated with each of the order siaos in column 
•j.j The average inventory in physical terms uill in each case be 
one-half of the order size (!.«.’ Q/2) In motley terms it uill 
be this physical number of tins multiplied by the assumed cost 
per tin of Rs. : 10,; If uo call the cost per tin, C, the money value 
of the aver ago inventory uill bG -2- (c),j 

In column 4 uo giv- the total annual carrying costs, uhich 
ue have assumed. are always 20 per cant of the money value of the 
average inventory.: If ue call this percentage I, the total annual 
carrying costs uill be_|_^ CI jj 


In. colutrn B us give the total annual ordering costs, uhich 
a re sinply the numbers of orders per year in column 2 multiplied - 
by the assumed ordering costs .of Rs« ! 1,200 per order. If ue.call 
ordering costs per orders total annual ordering costs will be 

■fT* (S)» ; Finally, in column 6 ue add up the figures in columns 4 and 

. . . • 

5 to obtain the total annual carrying-plus-ordsring costs uhich 

will be associated uith the various order sizes in column I, 1 

In terms of our symbols, these total annual carr ying-plus-ordening 

costs uill ba_J^(Cl) S) ,j 

2 Q . 

The uay in uhich the quantities in columns 4,5 and 6 behave 
as the order size increases can be seen more clearly if ue graph 
the three functions concerned.! This is dons in Figure 3. The 
function relating total annual carrying costs to order size, 
it uill be seen, is linear, proceeding upwards from left to 
right at a constant slope.: The function relating total annual 
ordering costs to order si^e, on the other hand, is non-linear, 
proceeding down wards from left to right at an ever-decreasing 
slope,' In the early stages, at the left- hand side of the 
diagram the total annual ordering costs function slopes dounuards 
mors steeply than the total annual carrying costs function slopes 
upwards, which indicates that at this stage the decrease in total 
annual ordering costs associated uith a (small ) increase in order 
size is greater than the increase in total annual carrying costs 
associated uith it. And this in turn logically implies that 
total annual carrying-plus-ordering costs trust be declining -uhich 
they indeed are at this stage, as can be seen both from the graph 





Order 

Siza No,- of 
orders 
placed per 
year 

IsL 

• ■ Q 

Money Ualue 
of Avs ragai." 
Inventory 

M 0 

2 

Total 
: Annu al 
Carrying 
Costs 

0 ( Cl ) 

2 

Tot al 
Annual 
Orde ring 
Costs 

D (3) 

Q 

Tot al 

Annual Carrying- 
Plus-* Orde ring 
Cost s 

„0jci)+ D (S) 

2 Q 

1,200 

1 

6,000 

1,200 ' 

75 

1,275 

600 

2 

3,000 " 

600 

150 

750 

.400 

3 

2,000 ‘ ■ 

400' 

225 

625 

300 

4 

1,500 

300 

300 

600 

200 

6 

1,000 

' - 200 

450. 

&50 

150 

8 < 

750 

150. 

600 

750 

120 

10 

600 

1 20 

750 

870 

100 

12 

500:. 

100 

900 

1,000 

D« Total Annual Derrand: 

Q=* order size; 0= cost 

per tin 

of lubriciants: 


I=» Total annual carrying cost as 20$> of tha rraney value of the average 
inventory; and 

S=s Ordering cost , per order. L, ... . 


(uhsre the total annual carrying -plus-ordering costs function 
in the vertical . suit of the other two) and frotr the table. But 
there eventually corr-ss a point at uhich tha downward slope of the 
total annual Ordering costs fun ction( uhich is constantly decreasing) 
corras into equality with the upward slope of tha total annual 
carrying costs function, thereafter falling belou it. It 
logically follows that at this point, total annual carrying-plus 
ordering costs rrust reach their trinirrurr level, thereafter 
beginning to rise again. ; 




point is 


jruir order size of 50 0 . tot ai _ anp u_a_i_ SH^a 
to total annual o rderin g c ost s «_ In other words* 


the optirruir order size seems to be defined by the point of 
interaction of the total annual carrying costs curve and the 
total annual ordering costs curve.' 


COMPOSTING OF GARBAGE 
A SEMI-MECHANISED PLANT FOR DELHI 

B.B. NANDA 

Deputy Municipal Engineer 

Composting of Garbage 
1 • Introduction : 

1.1 Mechanical composting of garbage is a natural process 

and not an artificial method as the impression the terra of 
mechanical composting may convey-* Farmers and gardners 
for many centuries have been practising composting by 
primitive methods. Night soil; vegetable matters* animal 
dung, refuse etc. are placed in piles and pits located in 
same convenient place and allowed to decompose, as 
conditions would permit until the material is ready for 
the soil or the farmers are ready to apply it to the land. 
This process involves little control, requires long 
period in pile to provide good humus, may or may not 
conserve maximum nitrogen and certainly does not provide 
sanitary treatment. 

As per estimates of agricultural scientists about 4 years 
back the level of production of food grains was 125 
million tonnes and about 12.5 millions tonnes of- nutrients 
are taken out from the soil. The production of chemical 
fertilizers in the country is about 5 million tonnes. It 
means every year 7.5 million tonnes of nutrients are 
taken out extra from the soil.:; Recycling of organic 
wastes is as such a necessity. -- - - 

It is believed that compost production can be so organised 
as to produce a significant amount of fertilizer at 
relatively lower cost in comparison to chemical fertilizers 



and thus, increases the agricultural output and at the 
same time, economically solves a very pressing public 
health problem in urban areas* 

Out of the several ways of disposing- city refuse like, 
land fill method, incineration etc* compost manufacturing 
is the only method whereby a useful product particularly a 
product which is sure to enhance the agricultural output 
of our land is obtained* 

1,2 Two-1 fold Aspects of composting city Wastes i 

An improper disposal of refuse can give rise to growth of 
rodents and flies, causing unsightly nuisance, emit nasty 
odour and form a health hazard. The wastes dumped or burnt 
in the open and thrown into lakes or rivers are certainly 
going to risk human health through air and water pollution 
whereas the same could be converted into a national asset 
compost, ' ■ ■ _ . , 

There are two important health aspects associated with the 
disposal and utilization pf wastes, one- is the high 
incidence of illness and death from faecal-borne diseases 
which result from insanitary disposal and utilization of 
waste.' The other- is the improved, nutrition, -an important 
factor in the prevention of diseases^ which can be obtained 
when the wastes are returned to agriculture land' to provide 
plant nutrients. 

1-3 Onmoostinq c ity wa stes artlmaorta nt step for 

gr.Q d a,ti..Qti.. l ,,Qf. .Qrg a nig.-.r^mr.e.:. 

The contribution of agriculture in accelerating our National 
economic growth has been very well realised now. Much 
emphasis is, therefore, being laid on the use of fertilizers 
in increasing agriculture production. It is, however. 
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observed that the intensive use- of chemical fertilizers 
leads to deterioration in soil conditions and decreases 
its humus contents, unless it is counter balanced by 
the use of organic material such as compost. 

It is found that in many parts of the world including 
parts of India, the soil has been over-worked depleting 
the organic matter in iti and thereby reducing the 
productivity- of the soil. Moreover, nitrogen and 
phosphorous compounds present in chemical fertilizers 
are better absorbed by plants if the soil is treated 
with organic manure. As such, organic manure- are 
complimentary to chemical fertilizers, in fact-, they 
are essential to increase the effectiveness of chemical 
fertilizers. " " ■ ■ ■ 

2. Oorrtpo sting Methods : Non-mechanical and Mechanlca.l t 
Compost can be produced in a number of ways by using 
refuse. Broadly they may be classified under two 
general groups, non-mechanical and mechanical. 

2.1 Non-mechanical methods: ' 

Non-mechanical methods are employed where volume of 
refuse to be handled is small. In these methods 
readily compostable materials, such as, night soil , 
animal wastes, sewege-sludge and garbage and relatively 
stable organic matter, such as straw, leaves, municipal 
refuse and other types of stable wastes are kept in 
alternate layers on ground or in specially constructed 
pits and then turned regularly for a period of 8-12 ■ 

weeks, stirred on ground for a further period of 4-6 
weeks. After about 5-8 turnings and a total period 
of 4 month s , the compost is ready for use. 



_ 4 . 


The main disadvantages of traditional method of 
composting (non-mechanical method) are that it takes 
top long and the final product is not clean* Both 
these are taken care of by a mechanical compost plant, 
where the undesirable material such as metals, wood, 
glass, stones and the like are removed and the refuse, 
free from above items is converted into compost. 


Anearobic forme nt at ion develops when an insufficient 
amount of fair or air at all is in contract with the 
refuse, carbon is for the major part transformed into 
methane gas and organic nitrogen is reduced to organic - 
acids and ammonia. Anearobic composting is a slow process 
and in practice several months are, required for the . 
transformation of household refuse. The amount of 
liberated heat is small and necessary- temperatures are not 
obtained for destruction of pathogenic organism, for the 
reason that anaerobic composting liberates tad ordours, 
that the process is of long duration and that it is 
incapable of destroying all pathogenic organism and 
requires large areas, it is not suitable for metropolitan 
cities. 


2 . 2,2 


With sufficient supply of oxygen fircm air by turning and 
aeration, the waste material, decompose without liberating 
much odour and under sufficiently high temperature weed 
seeds and even the pathogenic organism destroyed. This is 
aerobic composting. The composting does not exceeds few 
weeks. - 
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3. Composting Fundamentals ! _ 

The most important factors in mechanical composting 
operations are: 

(i) segregation of refuse and salvageable materials. 

(ii) shredding the materials 

(iii) carbon-Nitrogenrelationship 

(iv) Moisture-Contents, 

(v) Temperature 
Cvi) Aeration 
(vii) climatic conditions 
( viii) Fly control - 

(ix) Time required for composting 

(x) Quality of compost - 

(xi) Economic aspect of composting 

(i) Segregatio n of refuse and salvageable m aterials : 

It is desirable that salvageable materials like rags, 
plastics, metals tin-cans etc. be removed from refuse. 
However, the experience has shown that in our country- 
these materials are already picked up from the collection 
points of refuse by the people earning their livelihood 
from these materials. 

(ii) Shredding of refuse? 

Shredding or grinding the material for corfposting can 
prodipe several beneficial results as the material is 
suscdptible to b->etarial invasion through exposing a 
greater surface area to attack and destroying the natural 
resistance of Vegetation to microbial Invasion. The 
particle size of the material being composed is governed 
to some extent by the finished product requirement. The 
most desirable size of particles for composting is less 
than 2 inches ( 50mm) . It has been observed that unlike 
the European refuse, which can contain a magazine or a 
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than 2 inches ( 50mm) . It has been observed that unlike 
the European refuse, which can contain a magazine or a 
book or a large piece of meet, Indian refuse consist of 
the materials mostly having particle size below 50m.m. 

Shredding of refuse is costly in terms of high capital 
cost involved hammer mill or a pulveriser and in the 
terms of high energy cost in running these units, is 
therefore generally not necessary for plants in the country. 

( iii) Carbon-Nitrogen relationship * 

The course of decomposition of organic matter is affected 
by the presence of carbon and nitrogen. The carbon- 
Nitrogen ratio represents the relative proportion in the 
two elements. 

The decomposition of organic matter is brought about “by 
living organism, whifeh utilizes the carbon as a source 
of emergy and nitrogen along with carbon for building cell 
■protopaism. About 2/3rd of the carbon serves ■ as a source 
of energy for the organism and is burnt up and respaired 
as CO 2 while the remaining carbon, approximately one 
third is combined with nitrogen in the living cells for 
building cell structure, c/N ratio is an important factor 
in composting. Its optimum value has been found between' 
20-30. A higher carbon- Nitrogen ratio will not only 
result in longer period for composting but will result in 
robbing the soil of nitrogen as the living micrabial 
cells making maximum use of available carbon by drawing 
on any available soil nitrogen in the proper proportion. 

t iv) SQ,g,tf ,ent si, .y Vp - . yy:" 

Aerobic decomposition can proceed at any moisture 
content between 30% and 100% if adequate aeration can be 
provided. In practical aerobic compost! ng a higher moisutre 


content is avoided as water displaces air from the 
narrow space between the particles and thereby give 
rise to aneorobie conditions. . on the other hand, too 
low a moisture content deprives the organism of the 
water needed for their metabolism and consequently 
limit their activity. The optimum range of moisture 
content deprives the organism of the water needed for 
their metabolism and consequently limit their activity. 

The optimum range of moisture contents in the refuse 
for aerobic composting is 40-60%* 

(v) Temperature: 

Proper- temperature is a very important factor in the 
aerobic composting. Considerable amount of heat is 
released by aerobic foremt nation and due to relatively 
good insultation properties of composting material, 
the hat of exothermic biological reaction develops .. 
high temperature. High temperatures are essential for 
the destruction of pathogenic organism and undesirable 
weed seeds. The optimum temperature range is between 
50 °- 70 °. . 

( vi ) Aeration: ■ . , . . 

Aeration is necessary tor aerobic composting in order 
to obtain the rapid buisance free- decomposition. 

Turning the material is the most common method of 
aeration when composting is done in stacks. The most 
important consideration, in turning compost apart from 
aeration is to ensure that the material on the outside 
of the pile is turned into the centre, ' where" it will be 
subjected to high temperature. The frequency of : 
turning and aeration depends, upon the type of refuse 


being composted at Delhi compost plant the following 

turning sequencies being followed:- 

Ist day - Stacking and adding of moisture. 

5th day - Turning and spraying, of moisture. 

10th day - Turning and spraying of moisture. 

15th chy - Turning , - • . 

20th day - Removal to process mill for screening. 

(vii) climatic Conditions : 

Climatic conditions particularly temperature, wind and 
rainfall have not much -significant effect on composting. 
However, during season of high rainfall, frequency of 
turning cycle is required to be increased to prevent 
an aerolic conditions. 

( viii) Ely control: 

One of the most important problem in composting is the 
control of flies. - 

The fly larvae in composting material may originate from 
eggs laid in the material at the place of collection or 
from eggs laid during the handling of the material is 
infested with eggs and larvae in various stages" of develop- 
ment when it arrives at the compost plant. It ,i.s .lobvious , 
therefore, that the material must be prepared ; immediately 
for composting and placed in stacks where the high 
temperature and environmental condit ions are favourable 
for the continued emergence of files. 

Control of adult flies coming with the refuse is- achieved 
by spraying 'Baygon' bates (insecticides) on specially 
built, tents. Adult flies are instantneously killed when 
coming in touch with the insecticide. 
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( ix) Time required for composting ; 

The time required for satisfactory stabilization depends 
primarily upon 

(a) the initial carbon-Nitrogen ratio 

(b) the particle size (c) the maintenance of aerogibic 
decomposition and (d) the moisture content. Assuming 
that the moisture content is in the optimum range, that- 
the compost is kept the aerobic and the particles of 
material are of such size as to be readily attacked 

by the organism present all of which factors can be 
controlled in the mechanical dompestigg operation, the 
Carbon- Nitrogen ratio determines the time required for . 
stabilization. Low Carbon-Nitrogen ratio materials 
are decomposed in the shortest time while It* gh carbon- 
Nitrogen ratio mate ials (c/N above 30) take longer 
time due to additional time required for recyling of 
nitrogen. 

It has been observed that Indian garbage has Carbon- 
Nitrogen ratio as between 20 to 30. With, this ratio 
time required for stabilising the compost has been 
observed about 20 days. 

Qua lit y , Q f compost: - 

The nutrient value of compost varies wid ly depending 
upon the a ture of the material being composted. If 
the initial material contains blood, salughter house 
wastes, conserved urine, garbage and sewege sludge, it 
will be richer in nitrogen and other nutrients than 
if it contains mainly straw, cane stalks, ash, dirt 
or municipal rubbish. T he ranges of value, on a dry 
basis, in which the chemical characteristics of most 
finished compost generally lie are shown below:- 
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Substance 

organic matter 

carbon ■ ' 

Nitrogen (as N) 

Phasphorous as 
(P 2 05) 

Pottasium (as K 2 0) 
Ash 

Calcium (as codl) 


Percentage by weight 
25-50 

■ ' '• • ■ *v; - >-■■■; 

8-50 
•0. 4-3-5 

1' ; C : *> ■ 

0 . 3-3 . 5 : .i. . 

6 * 5-1-3 
20-65 
1.5-7 




The average N..E.K. values of one of the compost samples 
taken at the M.c.D. plant at Delhi were found s s underl- 


et N% p% K% c/N. ratio PH 

16.8 0.96 0.51 0.57 17.6 7.2 


Economic Aspects ,gf Composting! 

No where in the world the composting pf city, wastes. has 
been an eddnomica’lly 'viable-proposition due to high' ' 
capital cost . and the recurring expenditure. The cost of 
production per tonne of compost, has been estimated as 
Rs.80/- for the compost being prepared, at Delhi.' plant . 

Out of this cost Rs.30/- per tonne is the cost componant 
for the interest being paid by the corporation for the 
lean taken towards the capital c ost~ of this plant. In 
case, the project of setting-up of compost plant is 
treated as service development- project and 100% grant-in-aid 
is provided, then the production cost is reduced to Rs.50/- 
per tonne. At this price it may be possible to avoid any 
loss. 

4 . ' CONTRIBUTION OF MUNICIPAL CORPORATION OF DELHI IN 

THE FIELD OF COMPOSTING . 

The Municipal Corporation of Delhi conceived an idea of 
setting up of 200 tonnes a day capacity plant for composting 
citywastes as back as I960. The proposal could not 
make much head way due to adverse ways and means position 
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of the corporation. The proposals was finally given-a 
concrete shape in the year 1976,. when sanction was accorded 
by the Govt- of.. India for setting up of a 150 tonnes/ 
day capacity plant at Delhi. The salient features of 
this plant are a s under :~ 

4.1 150 bonnes/day (input) on single- shift basis. 

4.2 Expected product ion- 27, QOQ/tonnes/year. 

4.3 Total estimated cost . Rs. 79 . 58 lacs. 

4.4 Total expenditure incurred 

Rs» 90.00 lacs 

4.5 Estimated cost of production Rs .81.00 per tonne 

4 .6(a) Pattern of financing . 

Subsidy l/3rd, given by the 

Govt, of India Rs.26.33 lacs. „ 

4 .6(b) Loan given by Delhi Admn. , • • 

2/3rd of estimated amount Rs.53.05 lacs. 

■ In addition, a seperate scheme was also sanctioned by the 
Govt, of India, Ministry of Works 1 Housing for an 
estimated amount of Rs. 27.84 lacs for strengtte ning and 
improvement of infrastructure facilities for collection 
and transportation of refuse so as to maintain an un- 
interrupted supply of refuse at the compost Plant. The 
financial pattern of this Scheme is as under* 

(i) Subsidy given by the Ministry 

of Works a Housing - Rs. 13.92 lacs 

(ii) Loan given by Delhi Admn. - Rs. 13.88 lacs 

4.6.1 The Municipal Corporation has adopted Aerobic method of 

composting. Many unnecessary processes like per fermenta- 
tion, shredding of refuse etc, have totally been 
eliminating, thus saving 'on the capital cost and 
operational cost. The broad outlines of the process 
adopted are as under*- 
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After the garbage is weighed at the receiption, xt xs 
unloaded by tipping truths on the window pads. he 
window pad is a plain cement concrete platform without 
any walls etc. The'window pile in a regular shape xs 
formed through a 3m. wide Turning ana Aerating machine. 
This machine picks up the garbage unloaded by tipping 
trucks and form at the took a window of 2.3M. wide- an 
1.5m height. Necessary moisture is also added by 
connecting a hose-pipe to the machine as may be necessary 
■ primary shredding to a certain extent is achieved by this 
machine through high speed beaters provided in the 
machine.. Picking of certain amount of contraries like 
rags, plastics, larger pieces of stone, brick etc. is 
also done at this stage. 

U6.2 Each window / thus formed, is subsequently turned on 

5th , 10th and 15th day through a set of another three 
machines having front widths as 2.3 m, 1.8M. and 1.8M. 
Each of these machines is also provided with beater 
mechanism and water spreay arrangements. The garbage, 
thus composted, is then spread- for drying on the ground 
for -two days before the material is screened in the 
process mill. • 

It has been observed that aeration as well as size 
reduction of compostable matter is satisfactorily 
achieved. 

4.6.3 The garbage so composted and dried is then fed into 
hopper by means of a Hydraulic crane grab. The garbage 
through the hopper is then taken to a picking belt by 
means of an inclined convey or where picking of contra- 
ries is done by manual labour. 

4.6.4 Garbage coming on the picking convey or falls on a 
vibratory screen. The screened material through this 
screen then falls on another belt, from where it passes 
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though a pebbles separator specially designed. This 
separator segregates the denser materials like glass 
pieces# stone pebbles etc. from the compost# and fine 
compost is collected through a separate chute, it is. 
worth mentioning here that this type of pebble separator 
has been installed for the first time in this country 
in a mechanical composting plant. Through this 
separator it has been possible to remove almost 100% 
of .contraries like pebbles, glass pieces, china clay 
wares pieces . # which are unwanted in the compost. This 
pebble seperator has been found to be very useful to 
have a very finq and product (fine compost). 

4.7 Bguipments procured pr being. procured for the -plant ; 

4.7.1 Turning and aerating machines - 4 Nos* - 

4.7.2 At the process mill-one feeding hopper# -one inclined 
belt conveyor# one number picking belf conveyor# one 
vibro screen, and one pebble seperator. 

4.7.3 Equipment for material handling- 2Nos. 

cranes (one already procured and another is being 
procured) Three front- end- loaders, -four . trolleys, 
two nos. tractors. 

4.7.4 in addition to the above# working facilities for 
maintenance of machinery and vehiles at the compost, 
plant site have already been provided. For weighing# 
a self-recording type weigh-bridge has also been 
installed. 

4.7.5 To meet the electric energy requirement# a subtation 
has been installed at the site. 

4.7.6. For adding moisture into the garbage, arrangements have 
been made to store effluent coming from- adjoining 
dewage treatment plant. This affluent can be pumped 
into the distribution system through a pump. 

4.8 J&l toinq, .civil Works, .were .und e rtaken__at the_sltg 
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4.8.1 The land being water-logged, earth filing was done to 
reclaim the land. 

4.8.2 A proper approach road of about 1^ kip # 1 ength . 

4.8.3 One time keeper's office. 

4.8.4 One garbage block for parking the vehicles. Workshop 
facilities and stores also provided in this garbage 
block. 

4.8.5 One' Administrative block with a canteen for workers 
attached. 

4.8.6 A window yard paved with concrete of the size 140 
M.x 80 M. 

4.8.7 internal roads with proper drainage arrangements. 

4.8.8 An underground tank for storage of effluent. 

4 .8 .9 : Concrete paved storage yard, provided for storage of 
compost. 

4 .8.) 10 In addition to all these civil works, intensive 

horticulture works also undertaken within and around 
the plant site for good environment Si 

4 . 9 Administrative set-up for the plant! .. 

4.9.1 Transportation of garbage from, the various collection 
sites will be placed, under the control of the Manager 
compost plant. This has been done with a view that an 
uninterrupted flow of good quality garbage can be main- 
tained at the plant site. 

4.9.2 Operation and maintenance of the- plant will also be 
under the charge of the Manager compost plant. 
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4.9.4 P 0 r sals of compost, the Municipal corporation has 

approached agriouture Department of Delhi Administration 
tohandle the job, as the corpora lion is not in direct 
touch with the farmers* However, much success in this 
direction has not yet been achieved. 

4.10 Expectation regarding produc t io n targ ets t 

The corporation hopes to achieve the production target 
of about 27,000/- tonnes per year because of the simpli- 
city of the design of the plant, rugged nature of the 
equipments selected and availability of good quality 
garbage in abundance. Fortunately, Delhi is an area of 
scanty rain fall and production is not likely to suffer 
during rainy season also. The production capacity of 
this plant can be doubled by working on two-shift basis. 
This can be done with the existing equipments. However, 
a sum of R s.3q lacs will be needed for acquiring the 
adjoining piece of land, its development and construction 
of window platform. This can bring down the cost price 
of compost considerably. However, this step can only be 
taken after market is established for the disposal of 
the compost. . V//7V' 

^•11 Proble ms likely, to be faced : The problem which at this 

stage is' causing concern is the sale of compost at least 
at no profit and no loss to the corporation. There 
appears to be demand for the compost in this country. 

As such selling of compost may not be a problem, 
provided suitable sale promotion measures are taken. 
However, the civic body is not going to get any remunera- 
y tion on the sale, the production cost being high . 

A t present, the corporation is selling the compost to 
farmers at Rs.4o/~ per tonne F.O.R- plant site. In 
addition, only Rs .2/- per km. is bei ng charged for the 
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single journey for transportation of the compost to the 
fields. It has been observed that with these two 
facilities, the demand for compost is developing. 

However, -the farmer is not ready to pay Rs.80/- per tonne 
for the compost which is the cost of production. 

5 • Reasons for slow progress in the field of 

composting city wastes; 

5.1 The Ministry of Agriculture and Irrigation launched a 
large scale programme of setting up of mechanical 
compost plants in selected cities during the 5th Five 
Year Plan. The programme envisaged to set up 35 
compost plants in selected cities with a population of 
31 lacs and above. As against this, 24 projects have 
bedn approved so far (including 4 projects, approved 
during 1978-79). Two plants, one each at Ahmedabad 
and Baroda, have already been commissioned, plants at 
Bangalore and Calcutta are complete and are undergoing 
trial runs. Plants of Bombay, Delhi, Kanpur and Jaipur 
are under various stages of construction. 

lt-can, thus, be seen that there had been an insigni- 
ficant progress in the field of composting city wastes. 
Reasons for this slow growth are summarised as under s- 

5.1.1 Financing; The setting up of mechanics 1-cum-compost 

plants- involves large capital investments. The financial 
resources position of the various agencies like 
Municipal Corporation/committees/A gro- Industries 
Corporation which undertake setting up of such plants, 
are generally not. sound enough to meet the capital cost 
of these projects from their_ own resources. As an 
incentive for these organisations, the Ministry of 
Agriculture and Irrigation provides 33% subsidy towards 
capital cost of the plant, machinery and civil structure. 
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while remaining 67% of the capital cost is to be met 
by the* corporation/committee either from their own 
resources br -by raising leans from the financial 
institutions like banks etc- High rate of interest 
charged by banks, pushes the cost of production to the 
extent which is beyond the economic reach of an 
average farmer. 'When compost is sold at a price 
, lower than the cost of production, heavy losses are 
incurred in operation of the plant. The local authori- 
ties cannot bear the loss' every year because of the 
poof ways and means position. The entire project 
cost as such should be provided as a grant by the Govt. 

5.1.2 Economic Viability; At the time of preparation of 

project reports,, most of the bodies which undertook 
this work envisaged that the proposal may be a profit- 
able venture. However, this illusion was soon-cleared, 
when so me of the plants introduced the product in 
the market and were frustrated in. their efforts to 
sell it at a profit. The experience of A hmedabad plant 
in this direction is an example. 

The Ahmedabad plant produced abojt 450 tonnes of compost 
during the yea . 1975-76, out of which it coud sell 
only about 36 tonnes i> Rs.70/- per tonne. 

Since there was no further offtake at this price, 
the Rs. 25/- per tonne. So far this plant has 
incurred a lossof about Rs. 25 lacs, starting from 
Oct. 1976. This gloomy picture presented by some of the 
plants which have come into operation, also prevented 
many other corporations/^ gro-industries to take up this 
venture. 
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urban solid waste as fertiliser 

BY 


Q. ; P, Viral 

URBAN solid wastes are a major source of land, 
uater and air pollution, if exported ins f f 'icisnt ly. 

Use of these biodegradable rate rials as source of 
energy and fertiliser could help to rest the 
growing needs, consistent with the maintenance of 
hslath and sanitary conditions. But, the whole, 
pro blur is be set with a nurber of limitations - 
local rat sri al, technological economic, organisational 
and fiscal. 

This article airs at the discussing the 
prospects, problem's and utilisation of these human 
hanitation wastes as a source of fertiliser. A 
knowledge about the characteristics of garbage is 
essential to decide the type of disposal methods 
that will be to be adopted keeping in view the 
growting concern over environrent al pollution, the 
soaring cost of land in and around the cities 
and the sky racketing cost of energy, there is 
an urgent ns< d to consider those resides as not 
wastes but new resource materials. 


Urban .Soli d .W aste as Fartil i ser . 

By 

0*! P. Virnal 

E MERRY crisis, food shortage and environmental pollution 
are- .the' train pro bl sirs facing rnankin d. ' 

These pro blerns owe their origin to growing population, 
a xp ending urbanisation and rapid industrialisation. Those recent 
developments have aroused cones rn regarding the 1 quality of life* 
in the years to cotrs. Under these fast changing conditions, it 
has be coma imperative, nay indispensable, to make, critical 
appraisal of the ! ns eds ! 1 resources* and 1 limiting factors/ 
constraints 1 not only for the present but also for the future. 

According to the estimates mads by the National Commission 
on Agriculture, ths population of India is likely to increase 
from S50 million during 1980-81 to about 9 35 trillion during .• 
2000-2001 ‘a.: D,, marking an increase of about 44 per cent during 
a period of 20 years only. 

The estimated total foodgrain requirement at this future 
date uill be about 225 million tonnes, an increase of about” 

69 pnr cc-nt of comparison to this base year. In view of the 
fact th-t the par capita availability of arable aland is likely 
to decrease from 0,29 h a (l97l) to 0.17 h 3 ' ( 2000 A. D. : ) , the only 
alternative left is to double the yield per hectare. x t is 
evident that to attain the food production target of 225 million 
tonnes during 20 00-1001 the requirement of fertilisers will be 



2a. '7 trillion tonnes. With an anticipated supply of 21.6 trillion 
tonnes of Part islinr nutrients, the deficit will amount to about 
7.1 trillion tonnes, which will have to be tret though exploitation 
of locally available organic resources., 

A glance at the fertiliser production- and consumption pattern 
rsusals that the shortfall has baen significantly 1 high during the 

period 1977^*26 to 1981—82, the variations being (in thousand tonnes): 
N 913.3-1514.2 phosphate 196..7-387 and potash 506.:2-6?6.2 Despite 
all efforts of the fertiliser industry, the country had to import 
fertilisers worth of Rs. 2S.:&48« 2 million during the gams period to 
bridge this gap. 

The energy requirements for the production of inorganic ferti- 
lisers are high; which very from 1400 keal/kg nutrient for pottassium 
chloride to 15,600 kc.a.l x = + 0 . The energy crisis has been mainly 
responsible for a steep hike in the price of fertiliser nutrients 
from 197 2 -«> 73 to 1982-83 (as on 23rd May 1982), the per cent 
increase is as follows: N 33-75; phosphate 12.70 19,6; and pt ash 
82.^4= 114.;6 The high p- fixing capacity of soma of the sails, 
particularly the latarite, red, black and coastal alluvium soils, 
and leaching of nitrate, and potash below the surface horizsn in 
co arse-textured soils are the main factors contributing to low 
fertiliser-use effeiciency. 


: An assessment of the nutrient status of the soils indicate that 
about 95 per cent soils respond to nitrogen, 98 per cent to phosphor 
rus and 62 p r r cent to potash. Thus, the lo u level of solid fertility 




is ons of the rain constraints in boosting up agricultural 
productivity. 

High yielding Varieties exhibit their production p-otantigl 
only under optimum supply of nutrients, a.g, rice crop with a yield 
potential of about 5,000 kg/ha fa moves 107 kg No, 40 kg phosphate 
and 113 kg ptash. Dafi ciancy of micro-nutrients, particularly that 
of zinc, is becoming quite widespread in many soils in India* The 
above facts emphasize the need to cast a fresh look at the local 
organic resources so far considered as 1 waste* ,i Under such a 
situation efficient utilisation of urban wastes can help to- solve 
not only the disposal problem but alsoprovi da an inexhaustible, 
renewable source of humus and plant nutrients. 

Availability a n d Characteristics of city oarbaoe: 

It is estimated that about 20 million tonnes of city garbage 
is generated annually, in India, On the basis of population, the 
cities have been grouped into four categories. Out of the 33 cities 

studied, 20 cities recorded per capital values ranging between 
0 •i15—0*i 35 kg/ day. The maximum per capita value recorded in a 
city was 0,481 kg/day in comparison to average values of 1,i0 kg/ day 
and 2,t4 kg/day in 0 apan and the U,'S, respectively,- The total 
compostable portion in refuse from India ranges between 33-42 par 
cant, whereas in the western countries it Tanges between 10-22 
par dent. The chemical composition of the city compost shows th a t it 
oa n be used as a fertiliser for crop production.' 

The physical analysis of the city refuse from Delhi city 
given by Gurani is as folio us (in par cent) j vegetable matter 



2Q«j3,; paper 5,!8, rubber and leather G,9plastics 0.5 rage 
3.16, woo d. Q. : 5j metals 0.6, glass 0i3 earthen wares, stones 
and bricks 3* ; 8* total compostable rratter 57.4 Line reported 
the following catrpo nents of city refuse (in per cent), collected 
at the rate of 3000 tonne s/day in peninsular Walayasia! Kitchen 
refuse 63,7, paper and card board 11.7 glass and ceramics 2.S, 
tret aid.: 6. :4 plastic, and rubber 7.0 wood 6.5, was 1« : 3 and 
miscellaneous 0,9. Gclueke observed that paper is the major 
source of cellulose in municipal refuse in the U.IS. followed 
by wood and cotton texitiles. 


Co reporting? 

MS*- JUtxuMMteCHI 


It is a biological process for converting solid wastes 
into a~ stable, humus-^L Ike product which finds use as a soil 
conditioner.! It Is a sdlf-he ating, therrrophilic and an serobic 
process which occurs nyturally in acumulations of biodegradable 
solid organic m at ter,j Modern composting is aerobic and combines 
rresophilic and thermophilic terperatures. Keeping in view, the 
bulky nature of city garbage, comp o sting has become acceptable 
both environmentally and agriculturally.! . 


■ "A survey conducted on the various aspects of garbage of 
"33 Indian cities revealed th a t the municipal authorities spent; on 
average nearly 10 per cent... o-f their annual budget on solid wastes 
irandgement , a majority of which was incurred on transportation.! 
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Under such circumst ances, cotrpc sting of refuse uas found to 
yield mors revenue th a n the expenditure incurred# 

These day* disposal of urban wastes in big cities by 
conventional cotrpo sting tret hods is posing a serious problem 
due to increasing costs, unavailability of land for cotrpo at 
making, labour requirement for composting operations which 
involve human contact uith filthy and obnoxious materials 
and marketing of compost. These problems result in the utili- 
sation of this valuable .aaste in an unconorric and unhygienic 
manner,; 

Under these conditions, mechanised comp o sting is the 
only alternative in big cities because it can be situated at 
a central location and in small compact areas, thus avoiding 
long haUlage and constant search for neu lands,' Moreover, the 
other advantages securing from mechanised compasting are: 
sanitary control uith odur-prewf devices, uorking in both 
dry and uet seasons, recovery of discarded materials like 
metal, glass and other non-compost able fractions and high grade 
compost quality in a very short time,: 

While discussing the UNI DO* s experience on organic 
recycling in Asia, Maung stated that although urban composting 
oan me*rt only a small portion of the country 1 s fertiliser needs, 
it may provide the only readily available fertiliser* Through 
careful planning and organisation, ude of simple processing 


techniques and equipments, it c 3 n provide solu t lon 

to the refuse disposal Problem of touns and cities considtsntuith 
a supply, of valuable fartili cap ■ , 

rar-cii ls8r to agriculturists in the 

vi cinity . 

toJSssin^ J3f_ci tx .JiaS^e JjTto^j^o^s 

Co mpesting systems can be classified on the basis of 

oxygon requirement, temperature and t echnologi oal approaoh> . 

There are ,6 types of composting processes commonly in use- 
Bandore (India), Cospari (Germany), Oano Bio-st abiliser Europe) 
rp-Thomes (Germany), Suitrer Land, Italy), F a irfield.H a rdy 

C u «S.i)y Feritascree n (EnolanrA ' r 

v-ngiandjj Fr-zer-Eure son, Jersey (ujK.i 

Thailand)* Met ro uasfc p (n q a ■■ ki . . , 

uaste (U.S.), Natunser (U. : S.|), : Ri ker , TM 

Grane (Japan), Tollemache (Spain, South Rhodesia), Trios (V - 
II : e q q * . * . • - ■ a; » ‘rig a v. France. 

* *■ *: Argentina) f Uindrouinb ( li i-s t„, ■. \ 

(^Netherlands).: ’ ^ ^ 

The principal operating processes of the modern, mechanised 
and automated piants are as folios i) Pre-sorting to re TO ve 
ulky materials unsuitable for composting or salvaging, < U) 
s redding the Parser components;, iii) reding glass and ™ tal : 

fragment s; iv) composting the organic material at acclerated rates 

m fully enclosed chambers for 1~3 daV3 f inoTll .. 

bays { including partial 

reoirculation for seeding purposes) under ^ 

moisture and temperature conditions v) completing the maturation 
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in windrows for a further period of 3-10 weeks to produce a , 
stable, odour-free end-product, and vi) the addition of chemical 
fertilisers as required, either during or at the end of the 
process, to obtain the required fertiliser char act eristics,! 

Egijc pointed out that cut of 35 plants, only 5 or 6 
in operation in those cities of 3apan where the unnecessary 
“ixtur's are almost completely sorted out from the kit chan 
garbage. The economic irrb a l ance . between the increasing wages 
and cheap prices of the products resulted into the closure of 
rest of the plants. From the studies conducted on three methods 
of aeration- a ) turning, b) vaettum-induced ventilation, and 
c) pressure (forced air) ventilation by Da Bsrtoldi, on the 
basis of thephysical, chemical microbiological a nd pathogenic 
data, observed that better results can be obtained with static 
comp osting systems th a n with a turning system. 

Aft r studying the changes in organic constituents of the 
compost it was condluded that maturing of the compost is not 
affected in piling the city refuse without turning and aeration. 
The inside of the uiddrow remained anaerobic and some toxic 
substances are produced. Oongajan suggested win drawing/ compacting 
as the most promising process which involves hand sorting of 
items in the refuse harmful to shredder, magnetic separation of 
ferrous content, and mixing grabga with sewage sludge. 


Digestion or decomposition of city garbage is carried 
out in open windrows* 1 Golueke defined windrow methods as a 
continuous process, because wastes are applied at one and of the 
pile and compost is taken away from the other end* The length 
of windrow may be any, but its height should be exceed 1*;5 metre 
and width 2.5 metre using natural aeration. With forced aeration, 
heap size depends on need to avoid overheating. 

The time required for digestion depends on the intial 
C.iM, riatio if proper moisture, particle size and aerobic conditions 
are maintained. Studies at tho University of California revs as- d 
that approximately 11.13 and 21 days are required for composting 
of tho refuse having GN.i ratio 20,30- 50 and 78 respectively.: 

Lutz has described a fully enclosed waste treatment plant for 
CQ- co mposting of refuse and sludge. 


Aoii. cult ur ql v al pel 



Use of city compost pormotes soil aggregation and stablises 
soil' structure. This improves the air-water relationships of 
soil, thus increasing the water retention capacity and encouraging 
extensive development of root system of plants. H a rt while 
evaluating municipal compost as an erosion control residue, observer 
that it can be a good substitute for straw and manure over o 7 year 
peri a d. 

The erosion losses from small plots on a 30 per cent slope 
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were reduced from 5.0 to 0.2 m. of soil pur hectare por year uhon | 


60 tonnes of con-post was applied as mulch*! The physical 
determinations of the- soil samples from fields incorp orated 
yith non- segregated, non-coirp ,ost solid west made by 
Webber indicated an increase in the unter-stsbla aggregates 
and a decrease in the bulk density pith increments of solid 
unstes added* 

The release of nutrients during the d'- compost ion of 
urban compost in soil is sirciliar in effect to oth r manures. 

The continuous application of city compost for 4 years alone 
and in combination with ahamical fertilisers showed an indre asa 
in available) and K, Katyal and Sharrra recorded significant 
increase in Zn and Cu contents of Indian soils by the application 
of city waste compost, 

Garbage compost is used in all areas of crop .growing and soil 
amelioration, that is in crop farming, grassland farming, 
horticulture, foresty land reclamation and the various fields 
of landscaping. However, the following three most important 
requirements concerning compost quality are to be considered: 

a) an absence of substances injurious to man, crop or soil: 

b) a high content of organic matter and plant nutrients and 

c) a low content of useless substances like stones, slags, 
fragments, plastics etc. It improves not only the physical 
health of soils , but also provides netri antis to the crops, 
resulting in better crap productivity. 
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Evaluation and study of the demonstrations by Duggan 
indicated that municipal compost gavs positive yield response 
when used at 37 .5-100. Qt/ha.; The most significant increase in 
to bacco yield resulted from compost application on heavy clay 
soils due to an improvement of its physical condition,! Field 
demonstrations on uehat, cat, barely and rye have indicated 
that response had been most favourable uhen compost uas in** 
corporatad at 37.5 to 75.10 t/ha into the soil. 



Boause of lou nutrient contents of city compost, its 
fortification or entrichment with chemical fertilisers, seuerage 
sludge and microbial cultures uas suggested for increasing the 
nutrient availability tocrop plants and thereby the crop pro- 


ductivity. pillai and Vam a dev a n carried out experiments uith 
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the significance of pathogen survial, fly breeding and their 
destruction during composting has assumed increased importance*! 

Thu studies carried out at many places have shown ths destruction 
of pathogens and flies during the thermophilic stage of composting. 

The termal dealth points of some common pathogens and 
parasitise have been given by Got ass Salmonella typhosas no grtuoth 

beyond 46a C, death within 30 min. at 55-60 " C * &tu 9 1La 3p: dGath 
within 1 hr at 56°J Escherichia coli: most dies within 1 hr at 

55° C and within 15-20 min. At 60° cj Entamoeba hystolytica 

cyst s; death within a feu minutes at 45° C and within a Feu 
n 

seconds at 55 cl mycobacterium tuberculosis: within 15-20 

min. at 66 d Cj Necator amor icanus: death within 50 min.' at 45 d Cj 

0 

and Ascaries lumbricoids aggs: death in lass than 1 hr above 50 C$ 
Uiloy and Uesterberg studied the survival of pathans in 
compost and reported -that only cerobic comp osting where a high 
temperature profile of 60 to 70° is obtained and retained for 
at least 3 fays could destroy these indicator organisms. More 
recently, studies carried by Nandakisho ro have shown that the 
pile bight and the degree of aeration of windrows Influenced 
significantly the temperature profiles of the comp ost piles.' 

The thermal death point of Salmonella typhimurium was found 
to be 65° C but an exposure at 50° C for 24 hours was sufficient 
to obtain its complete kill when the rau material uas inoculated* 
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The temperatures reached in scrobic composting are lethal to 
fly larvae and 'eggs. Care should, therefore, .betaken to 
ensure that all portions of the windrow reach these temperatures 
so os to obtain a material olc a n from the public health point 
of view.' 

jre n t.al . . poll ut ip n : 

bt present, a greater proportion of tha city garbage 
is dumped in lou lying ar^as which becomes the major source of 
ground uatr ;r pollution.! The run-off from the refuse mass causes 
pollution of surfaco waters. The movement of such water through 
soil also results in soil pollution. The gases produced during 
the decomposition of' city garbage under anaerobic conditions 
and incineration under aerobic conditions result in a ir pollution. 
Thus bio-degradation, leaching and volitili zatio n of city garbage 
result in serious land, air and water pollution.; 

NcGriff reported that accusation of urban solid waste c 
increased the sediment load carried by streams, decreased 
groundwatr-r recharge; and promoted eutrophication resulting in 
degradation of water quality.- The increase in PH, E.ic.i total 
soluble organic, carbon and n a utrally occuring metals like 
Fu xn leachates was observed by Fuller,'' and a n increase in 
h^vy met als, endrin, lindane, irotho xychlor, toxapone 2, 4, 5- TP 
exedding the texis limits was recorded by Broun. ■ 


- 13 A 

Studies carried cut at FCER1, Nagpur on the. concentration' 

of pollutants in the leachates earring out of city garbage 

revealed that the quantities' of chlorides, sulphates and 

hardness urc nuch .larger than those reported elsewhere, After 

about 4 tenths period, east of those parameters, except hardness 

decreased to the permissible linlts. 

Studies worn made on the vertical migration of some 

nutrients in tho soil after heavy application of municipal 

wastes by platzon. It was observed that application of refuse 

at 30 t/ha did not increase the content of chemicals namely 

alkanes, fatty acids and phthalate o stars beyond toxic 

Ix-its to plants. Fuller observed more rapid movement of 

H 

pout ants through soil when ls a ch a tG has low P and higher 
concentration of total organic carbon, soluble common salts 
and some naturally occuring metals like iron* 

Thu nitrate content in tho inland waters was observed 
by Koopf, Uhen leachates were used far growing soyabeans in sand 
culture, We ns or observed that it resulted in an imblance in 
the proportion of nutrients causing stunted gruth of plants* 

King, observed increased levels of Zn, Cu, Pb and Cd in grain and 
stov'r of corn grown in soil treated with the city ra fuse. 

To avoid the pollution of ground-water and toxicity of 
soil, a rreterialblonce shoot needs to bo prepared for varying 
rates and frequencies of applications of organic wastes. No 
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one method or technique of waste utilisation of is the answer 
to waste rran age rrr.nt in ov-'ry location. 

Frerr this synoptic survey it is evident that urban 
solid waste can prove, a valuable resource material? but in 
order to irako the sale. of tills product a feasible proposition, 
it is i up oration to convert those bulky rratcrhls-into high- 
nnslysis products using inorganic fertilisers, scuagu sludge 
and rocrobial cultures. The coirhinod Use of orgonorincrsl 
fertilizers can only help to conserve energy, n-iniirize environ^ 
rental pollution, bridge the fertilizer gap, save foreign exchange 
os well P S improve soil health. It is hoped that efficient 
exploitation of these biodegradable pollutants may provide 

inexnaust iblo and renewable resource trato rials for use in 
agriculture. 

In-proper soild waste disposal is a health h az ard. 0po n 
dumping of refuse results in serious land, air and water 
pollution. To solve these problems, it is essential to recycle 
urban wastes in c n efficient and safe manner, but resource recover 
is besot with a number of constraints. This is illustrated by 
the role of non- comp Datable components, cg.l metals c a n be 
easily recycled from industrial scrap but the present methods 
—..king aW can to In rat- only limited scrap input and thus 
the scrap recovered has low market value. Glass is c: a sy to re- 
proposs and can be used in many ways, but the raw materials 
for glass arc available so abundantly that there does not seem 
to be any gain through h recycling* 


is « 
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is available in big cities for dumping of refuse (rum by 
sanit 3 ry~ landful 1 methods). Mon- avail ability of agricultural 
l R nd in the vicinity of cities increases the cost of transport- 
ation of corrpost to the field* Local and traditional needs for 
FYe and farm con-post limit the use of the cctrpost prepared 
fr-orr city solid waste due to th influence of social customs 
and taboos; excreta have bean regarded as soir- thing very- 
nbno xiou s and highly polluting. 

It is true that their bio dgradat ion can be a source 
of disease and health problems, but right attitude to their 
potential Value as a source of nutrients can h; Ip in devising 
methods to derive full benefits frotr them. Thu poor nutrient 
content and the no n~un fo rmiiy .‘of refuse limit its use For 
co rrpo sting.- 
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Tht: high cost of me chanicsl corrp. Dating plants and the 
non-utilization of by products arc mo n g the factors which 
make the process an urn: conorS ^ proposition. The most critical 
link in thu process of composting is. the segregation operation. 
Hand* sorting of garbage a t the compost plant i s tedious, expensive 
and insanitary.. Detailed investigations arc. needed to evolve 
better sepcration methods. 

It is felt tht if separation of non-compost able s could 
be achieved economically, composting could .become an attractive 
method for resource recovery. Supply of compost at subsidised 
and its free transportation to farms m a y help to popul- 
arise this product. There is need for co-ordination between the 
Civic bodies charged with solid waste management in cities and 
research organizations for the efficient. . recycling of wastes. 

An ideal approach would b* to find out a suitable method 
for spear at in g glass, metals, paper, wood elastics and other 
non-compo stables from the putrcsciblo oompo stable fraction.; 
ulaos and -i^tal scrap can be r .covered in original form . 1 PI a t crisis 
having high. heating Value, such a s paper, wood and plastics, 
should by pyrolysed for recovering energy, eMle the put resci blc 
organic material should be processed through the mechanical 
composting plant for conversion into fertiliser. 
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The traditional method of urban con'posting is highly 
unscientific. Care is not taken to provide a balanced food and 
optimum environ rental conditions for the trie robes to convert tho 
wastes rapidly into good quality compost and to minimise leaching 
and volatilization losses,. This calls for investigations on 
various aspects of the cotr posting process in mechanical con'posting 
plants so as to handle in the shortest possible tire huge heaps 
of refuse gathered sv.ryday in the cities. The quality of the 
final products should bo enriched with mineral fertilisers 
and microbial cultures, so as to rake the. setting up of rrchanical 
composting plants economically viable. The high investment on 
complete mechanization of the corpst plant coupled with the 
costs of repair and servicing emphasizes tho need for setting 
up mini— re chanieal compost plants uhich uould be more appropriate 
under the socio-economic conditions prevailing in India. 

Where it is not possible to recycle tho whole quantity 
of refuse efficiently for energy and fertilizer, part of it can 
be disposed of around the cities through the use of sanitary 
land fill methods, 

A number of other organic wastes arc available in India 
from animals sheds, farms, fish and marine sources . 1 These neglectod 
materials, if exploited cfficiontly, could significantly help 
to ri'cvt the energy, fertilizer and material needs of the country 
of course with adequate attention to the ov-r coring of pollution 
hazard. 


2ES TECHNOLOGY OF SOLID WASTE DISPOSAL 


JOSE T. VILLATE* 

KINDS. AMOUNTS OF SOLID WASTES 

Cultural habits and economy considerations determine, 
in large part, the kinds arid quantities of solid wastes pro- 
duced in any given society, an example of a year-cound solid 
waste problem arising out of economies of scale is the pro- 
duction of manure from cattle feedlots. The prupose of the 
feedlots is to fatten young steers rapidly and prepare them 
for a nearby market. It has been caculated that a head of 
cattle produce 20 to ko pounds of manure daily. Therefore, 
feedlot with a cattle population of 10,000, a fairly common 
number, may produce 200 or more tons of wet manure daily. 

It has been estimated that some 100 million cattle are being 
fattened on any given day, so manure production is high. 

To the tons of cattle manure must be added the manure 
generated by the population of swine (60 million) , turkeys 
(120 million), and chickens (450 million), which like cattle, 
are also raised in confined spaces. 

An example arising out of new technology involving 
chemical engineering is the development of plastics of all 
kinds, that are used in packaging and manufacturing practices 
from the smallest merchant to the largest industrialist, 

★lone T. Villate is Associate Professor of Urban Systems 
at Florida Intel-national University, 
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Relatively inexpensive, at least until the recent- increase 
in fuel prices, plastics can he convenient and. durable, ini 
it should oe noted that the national average of plasties in 

municipal solid wastes is at about 2 percent and seems to be 
increasing. 

hi though accurate figures are difficult to obtain, the 
daily per capita production of solid wasted in the U.3. is 
seven to eight pounds. This amount represents only those 
solid wastes collected by municipal and private agencies and 
does not include agricultural and Industrial wastes, 

PRESENT DISPOSAL METHODS 

Dfflips. A dump is a land disposal site where solid 
wastes are deposited with no regard for public health, pollution 
consequences, or aestthetics. Dumps are often referred to as 
"open dumps" because the wastes are left uncovered, jfery fre- 
quently, open dumps become Buring dumps where tile fires are 
spontaneous or purposely set in a typically unsuccessful 

attempt to reduce the volume of wastes and to control insects 
and rate. 


Open and buring dumps are an unnecessary method of 
solid waste disposal. Dumps are health hazards that provide 
shelter and breeding grounds for mosquitoes. Plies and rate 
and contaminate surface and ground waters through two simple 
mechanisms. Wastes dumped in or near bodies of water can 
pollute the water directly. Rain or surface waters percolating 
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through the dumps leach out toxic and non- toxic substances 
from the wastes, carrying them into the ground water. 

Some of the resells include imparting tastes and odors to the 
water, introducing toxic substances into the water, and possibly 
forming carcinogonie substances when the water is chlorinated 
for drinking purposes. 

Unfortunately, in spite of their colossal environmental 
impact, open dumps seen to be the most common means of solid 
waste disposal. Many communities have never full assessed 
the costs of an open dump* When short- and long-term health 
effects, laundary and cleaning costs, and reduced real estate 
taxes are included, dumps are very expensive methods of solid 
waste disposal. 

Landfills. One alternative to open dumps is the landfill. 
Landfills range from the most common kind, nothing more than 
"managed dumps" or "burial sites", to the kinds, which is a 
small minority, where established engineering principles, such 
as shredding and compeotion of the wastes, are applied. 

A A true sanitary landfill, especially one in which the 
wastes are shredded, has many advantages. It can receive all 
kinds of solid wastes except hazardous ones, including a 
shredding step to permit a better compaction, 'represents an 
economical process, and in a way provides a final solution. 
Microbiological activity will convert an aerobically thebio- 


degradable wastes into a humu-like substance, leaving only 
plastic and metals, if the latter have not been removed 
previously., Shredding converts the discarded glass into a 
said- like material which is incorporated into the soil. A 
true sanitary landfill offers a final bonus: with a little 
imagination and planning, a finished landfill can become a 
park thus increasing the community assets. 

However, the potential danger of ground and surface 
water pollution by sanitary landfills cannot be overlooked. 

That is why sanitary landfilling is not the best method every- 
where for solid waste disposal. 

Land fills must not be located near rivers, canals, 
lakes, or in areas with high water tables, because the leachates 
will contaminate those water. Leachates are formed when rain, 
or any form of water, percolate downward through the compacted 
solid wastes or when water comes into 1 any contact with the 
wastes. Water, powerful solvent, dissolves organic and 
inorganic materials and picks up also solid organic and inor- 
ganic constituents', i. e. leaches materials out of the wastes. 
The leachates continue travelling downward or sideways and mix 
with the ground water. The result is certainly a reduction In 
the ground water quality, and possibly the creatior of unknown 
organic compounds. 

It is possible sometimes to use plastic or. rubber linings 
to prevent the leachates from contaminating the groundwater. 
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iuid in some regions where the proper geologic formations exists, 
cley can he. used to form these linings. Bug is is difficult, 
if not impossible, to obtain 100 percent of waterproofing. 

The idea of using barriers is to ellect and treat Hie 
leachates but many exotic, substances, highly refractory to 
treatment, may be present and impossible to remove. In areas 
of high precipitation, the amount of leachate durig the rainy 
seasion may be so large that it may. overflow into the ground- 

■M- 

water unless efforts are made, andat great expense, to collect 
all the leachate. Because of the high water table in much 
of South Flo ride, sanitary landfills should not be used here to 
dispose of any type of solid wastes. 

The importance of Shredding. Shredding is a mechanical 
process which reduces the size of solid wastes, effects higher 
compaction of wastes, and lengthens the life of sanitary land- 
fill. But the advantages of shredding go beyond its application 
in landfilling. Solid wastes are resources which should not be 
discarded; and great interest is being expressed in recovery 
of resources, recycling, androuse, * Shredding is one of the 
first operations in any resource recovery system. 

MCOVilRIhG RESOURCES FROM SOLID VLJ3TES 

Basically, there are three farrms of resource recovery 
tliat municipalities can use today; material conversion, material 
recycling and energy recovery* 

Material Conversion. In this form of resource recovery. 


certain wastes are recovered and put to- uses which, may b;e vary 
different from that of the original material. Examples are: 
mailing compost out of mixed bio grad able materials, and using 
the compost in farming and gardoning: using wasted glas and . 
rubber tires in highway paving $ and using flay ash to make 
construction delocks. 

Material Recycling. Recycling means bringing a wasted 
material back into the process by which -it is formed. Examples 
would be: using wasted paper to make now paper: using 
bottles thrown away to make new bottles: .and using scrap steel 
to make new steel. 

The material being recycled may have different origins: 
it may be ho cm scrap which is material recovered from the 
mill making "it; it may be industrial scrap receivered from 
plants using the material to manufacture products; and it may 
be post-consumer, or obsolete scrap, which is the material 
discorded by the users and which becomes part of the Municipal 
sold wastes. 

Home and industrial scraps are easily recycled because 
of their purity and short distances from their point of gene- 
ration. In constrast, most post-consumer scraps are not easily 
recycled because municipal solid wastes are mixed during the 
collection. 

Envergy Recovery. Under this scheme, energy is recovered 
as heat. The heat is obtained by buring solid wastes in two 
different ways; in one, solid wastes are burned together with 
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a fossil fuel in power plants mailing electricity. In the 
second, the solid wastes undergo pyrolysis. 

SOME MATERIALS WITH P0TEETI1L FOR CONVERSION KSCICITIIG 

Paper, steel, aluminum, and glass are the prime candi- 
dates for recovery from municipal solid wastes. Their recovery 
could contribute substantially to the material needs of the 
country and would result in great savings of oil and coal. 

Paper* Paper constitutes about 35 percent (dry weight) 
of the municipal solid wastes. In 1973) there were some 4-5 
million tons of paper discarded as post-consumer waste: 8 
million tons of discarded newpapers, 10 million tons of 
corrugated containers. Although paper production and use 
continues to increase yearly, there is little hope for increased 
recycling. There are techniques to separate paper from other 
wastes but separation at the source seems to be the most 
economical means of removing paper from the waste stream. 

Steel. Steel cans account for 7.0 to 3.0 percent 
(weight) of the municipal solid wastes* Of the 5*5 million 
tons of steel cans discarded in 1973? 4- million were discarded 
in Standard Metropolitan Statistical A-Cees where recovery is 
more likely to be economically possible. 

The technology for recovering steel cans from mixed 
municipal wastes is well developed and is used in several cities. 
It consists of a magnetic separator which removes the ferrous 


fraction from the wastes. One obestacle to the recovery of 

steel cans is the aluminum tops in himcral leverage cans, 

and its removal raises the cost processing about $ 10 per cent. 

Aluminum. In 1973? I million tons of aluminum were 
discarded and became solid wastes in the United State, About 
a half million tons were cans, one- third million were aluminum 
foils, and the rest .was aluminum used in mamor appliances. 

Only 3,5 percent of the discarded aluminum, some 3^,000 tons, 
was recovered. About 78 percent of the aluminum cans were 
concentrated in five states: Florida, California, New York, 
Texas, and Washington. The techniques for the mechanical 
re co very of aluminum cans form municipal solid wastes have 
not been proven. Much of the aluminum recycled consists of cans 
recovered manually and brought to collection-recycling centrres 
operated by the aluminum industry. 

Glass, Some 13 million tons of glass products were 
discarded in 1973. This amounted to 9 percent by weight of 
the ; total municipial solid wastes. Only 350,000 tons,, less 
than 3 percent, were recovered and recycled. n Cullet n is 
scrapglass, usually broken into small, uniform pieces. 

Clean cullet is an attractive raw material and the demand 
for it is the same as for virgin material. Color-sorted cullet 
is preferred over colour-mixed cullet, there being at least 
twice as many markets for the color-sorted as for the co.lor- 
mixed class. As all recovered materials, cullet is affected 
by the presence of contaminants. 
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by the presence of contaminants. 

RECOVERING ENERGY 

Besides recyclable materials, solid wastes contain 
combustible materials such as paper; and plastics. These 
materials can be used as fuel recovering the chemical energy 
o to led in quern as heat, in© heat can be used to produce 
steam that can be used in industrial operations or to 'produce 
electricity. The two main processes to recover energy from 
solid wastes are combustion and pyrolysis. Before discussing 
these methods, one process involving combustion must be 
introduced. 

Incineration; Combustion can tahe place without re- 
covering energy. One example is strainght incineration, where 
solid wastes are' burned and changed into gases which are re- 
leased to the atmosphere. Incineration has been used to 
reduce the volume oi solid wastes out their gaseous emissions 
often violate air quality standards. Since the addition of .. 
emission control equipment is very costly, many incinerators 
have discontinued operations. Straight incineration is waste- 
ful because it does not recover any energy. 

Incineration can be used >to produce steam for industrial 
uses. In addition to the environmental problems using 100 
percent wastes as a fuel creates other problems, such as the 
variability in the composition of solid wastes which requires 
the dissipation of excess heat and provisions for conventional 
fuel-generated steam in cases of shortages. 


Combustion with Heat Recovery. The significant amount 
of heat produced, during the combustion of municipal solid 
wastes and the increasing cost of conventional fuel, males the 
recovery of heat very attractive. While it is not to use 
a fuel composed of 100 percent wastes, municipal solid 
wastes can be used as a fuel supplement, This scheme is 
applicable to electric utilities burning coal to generate 
electricity. 

Using solid wastes as a supplementary fuel in a utility 
power plant is environmentally and economically attractive. 

It tales advantage of a combustion system already established? 
reduces the amount of solid wastes ? recovers energy from solid 
wastes thereby reducing the fuel bill of the utility? permits 
the recovery and recycle of non- combustible materials such 
as metals and glass? reduces substantially the cost of municipal 
wastes disposal? and reduces sources of pollution. 

However, there is a major obtacle to the use of solid 
wastes as a fuel supplement? the only boilers which can accept 
solid wastes as fuel are those which burn coal. Boilers which at 
one time burned coal can be retrofitted to burn solid wastes 
but the conversions costs can be very high. 

Pyrolysis; Another energy recovery method of great potential 
is pyrolysis. 

In general, lower temperatures in pyrelysis systems 
favour tiie formation of organic liquids while higher temperatures 
tend to produce gaseous products. The organic compounds can 
be used a fuels and some as sources of chemicals. Another 
advantage of pyrolysis is that air pollution problems can be 
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minimized, 

CONCLUSIONS 

The source of drinking water in much of South Florida is 
a shallow aquifer with a. high water table. As such, the water 
is very sensitive to contamination by dumps and landfills and 
these methods should not be used for disposal or solid wastes. 

Incineration can impet heavily on air quality and 
wastes 'the energy present in solid wastes. The increasing cost 
of energy dictates the recovery of resources from solid wastes, 

A resource recovery program can include metals, glass and paper. 
The combustible fraction of solid wastes can be burned 
to convert the chemical energy in the wastes into heat. The 
heat can be used to produce steam and electricity. Unfortunately, 
the burning of solid waste is feasible in coal-burning boilers or 
boilers that can be adapted. 

The most promosing system of resource recovery in South 
Florida is pyrolysis. When properly designed and operated, 
pyrelysis systems permit the recovery of metals, glass, and 
energy without creating air or water pollution. These are 
indirect, long-term benefits which, when added to 'the benefits 
of proper solid wastes management, have sizeable beneficial 
effect both environmentally and economically. 




S CIE NTIFIC .ASPECTS OF NLJNI .CIP&L SO L I D , U A ST E WA N. AGE MI 

« Subhash Dan de k at 

This paper will discuss briefly ths modern and > . 

scientific ways in which ths waste disposal problem should 
be tip alt with* Refuse pro diction is believed to be incre- 
asing now at about 4 per cant par annum.: Uhat to do with 
these sold wastes, how to dispose of them without needlessly 
endangering public health and welfare and how to recover 
and revs a valuable materials now* thrown away 1 arc among 
ths most challenging and perplexing of current national 
problems. 1 

Solid Uaste Management : deals ' with refuse collection, 
storage, ..transport ation of refuse for ultimate disposal 
sites bs applying the principles of Environmental Enginee- 
ring so that the 1 wastes*. do not contribute to the Environ- 
mental pollution problem. In the light of new technology, 
solid waste is looked upon as a national resource rather 
than a nuisance because, now the technology is available 
for recovering and reusing valuable materials from the 
wastes, using the wasts as a road and building material 
and for generation of steam by bruning it in specially 
designed incinerators. In Europe sueh plants arc already 
working satisfactory and a test unit recently installed 
in Menlo Park, California, U.iS.A.' has shown promising 
results. For disposing the solid waste, its physical, 
chemical and microbiological characteristics should bs 
determined. It is a difficult task firstly because no 



Standard methods are laid down, and secondly the characteri- 
stics of the waste are function of so cio- econo trie systatus 
of a particular region geography, climate and season. 
Nevertheless in order to learn how to manage the nation* s 
daily huge volume of discarded solid waste, people are 
of necessity beginning to learn something about then in 
scientific terrrs. 

Physical Characterist ics 

Knowledge of the physical characteristics of municipal 
waste is necessary as a basis for developing solid waste 
storage collection, salvage, disposal facilities and new 
methods of storage, collection, salvage and disposal.! 

Municipal solid wastes are classified into two basic 
categories: to the individual interested in incineration, 
they are combustible and non-combu sti ble material, to the 
i n di vi du al in t e rest e d in composting and to a lesser degree 
in sanitary landfill, they are bio— degradable and non— 
bio-degradable materials*- These classifications are, of 
course too broad to provide scientific information on the 
possible intrinsic values of a particular solid waste or 
on the recycling of selected categories. 

In general, tha following nine categories will provide 
ths incinerator, compost or sanitary landfill engineer with 
the information needed for disposal plant design: 

Food Uaste, Garden -waste, paper products (plastics, 
Rubber, Loather), Textiles, Wood, Metals, Glass and Ceramics, 
(Ash, Rocks, Dirt), 1 ■ 

•7--: l In American Municipal wastes the content of paper is 
as high a s 62 per cent but in our municipal wastes, the • 
paper content will be very low because paper is already pocked 
up manually at the collection sites which, has a. resale value. i 
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Chi smi c al .C h aracter! st i oa 

The chemical analysis of solid wastes is very involved 
and con'plex,. No standard methods exist for use. in such 
studies. This lack is further complicated by difficulty in 
sampling. Ultimate analysis of rrunicipal solid wastes 
illustrate that there are seven major components, which are 
Moisture, Carbon, Hydrogen, Oxygen, Nitrogen, Sulphur, Ash 
and Metal: heat Value 3000-6000 BTU/ I b.j 

The Sulphur content is extremely low which should rrake 
the solid waste a most desirable fuel from the air pollution 
standpoint, through its variability in BTU and moisture makes 
it a difficult to work with* 



Refuse from the domestic apartments is collected at • 
suitable sites (Municipal Dumps), wherefrom it is picked up 
by municipal trucks to take it to the disposal sites. 1 

Following factors snould be studied an d . considers d 
to permit adequate planning: 

Types of refuse produced, volume, weight, compressibility, 
and method of separation and storage at origin,! 

Number of service steps, quantity of refuse per stop and 
location of refuse for collection. 

Type and capacity of collection equipment available or 
to be selected. 

Organisation of crews,} 

Topographical feature of the ■ area, street layout, 
traffic problem,! 

Disposal method or methods. 1 

Type of Zoning, 1 

Climate, | 


2r 

3. } 

4. ; 

5, | 

6 , } 
7.! 
8.1 
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Di a po sal 




These days the disposal of solid wastes is carried 
out in the following ways: 


(a) Sanitary land filling; 

(b) Composing of Garbage, and' 

(c) Incineration and then disposing of the ash in land fills.) 


S a nit ary L a n d f i 1. ling 

This is a process in which solid uaste materials are 
deposited in cells, crushed and compacted into a dense mass 
a nd covered uith earth in a carefully controlled sanitary 
manner,' This method is a proven system which when carefully 
planned and operated is economical and nuisance free.! 

The filling can be on land ranging from level land 
to qullees or ravines. In many instances, rough a nd loy 
value land has been improved by filling. Sanitary landfill 
operation requires careful preliminary evaluation of local 
conditions.' 


F actors to be Taken into Considerations 

( 1 ) Type of Soil available 

(2) Drainage. 

( 3 ) Previlling winds, 1 : 

( 4 ) Availability of access roads. 

( 5 ) Possible contamination of ground,' 

( 6 ) Leakage of g a s into the atmosphere and explosion. I 

Hoy Flush Land Required? ; ■ 

It is estimated that 1 acre of land par year will be 
required par 15,000 population, at a refuse 6 fit. I deep.) 
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ThreB Bvoa d C lassification, of . 

( a ) Trench Method, 

(b) The area ramp method, and 

(c) The area fill method. 1 , , , 

rharacts ri s ties _ 

Chemical,- bacteriological and physical changes occur in 
buried refu sc. In about 4 days, at 3 feat belou the surfaee, 
temperature rises to 130 to ,50 (V They remain at thro 
point fob 60 days and then gradually fall for abou 1 mo 
to near air temperatures. It appears that de eon-posit ion 

proceeds slowly#! . 

Sore settlement of the fill should be expected and if 
the desired election of the finished fill is knou, aUouanca 
for setting can be made during construction. Host of t 3 
final settlement till probably occur uithin the first 12 
months and by the end of 2 years, most fills hate comple a 

settlement. The amount of settling depends upon: 1 

, naefpq (2) Compaction givsn* (3) Depth or 

Characteristics or wastes* v H 

the ti 1 1 « 

sn ultimate settlement of 10.30 per pent is expected 
at most fills. 

„C or[ lfiS.§iiQS 

Compositing. is a process in uhich organic materials 
are broken down into humus material for use in agriculture, 
gardening or the improvement of. lawns. 

r . s p ar .§£ isn - 

(-]) Removal of Nor>- Compost ablcs-Met als. Glass, etc.! 

( 2 ) Grinding ox shredding. 

(3) Blending or proportioning of materials.' 

The processing takes place in a compost plant.: 
Moisture contain should be around 40 to 60 per cant.' 
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Nutrient 

Optimum C: N Ratio 30-35: 1 for~spesdy bacterial action. 

A ratio above 35-40: 1 cill require a considerable 

. , . _ m rnrlina is considered unnecessary 

increase in compost time. Blending c 

j-, B n C:N ratio is 25-50. 1. Blending may be done if loads • 
contain loss N (a.g. paper, Strau, Sau dust, etc.) y com in- 
ing cith loads high in 3 Pastes from slaughter houses, 

fish scrap, blood, etc.) 

Under normal conditions of bacterial breakdoun, humus 
is produced from uaste organic materials seen as 9 arb «® ° r 
agricultural uastes in 6 months to a year, houeucr, i 
castes ere finely ground, adjusted to a moisture content to 
50-60 per cant and piled- in uindrous 3' to 4' across a 
base and 3< to 4- high, a rapid rise in temperature cill be 
observed. If the cindroc piles are turned at in erva s Q 
1 2 days, a pleaant smelling humus or campost is P rod “ c 
in about 10 days. During the period, the materiel cill have 
passed a Lou f, • or aoid stage to high P H stage.! 

Pr ocess . ■ 

Oxygen from air penetrates into the voids of the _ 

material uhere it dissoves in the liquid moisture films and is 
carried on the aerobic bacterial organisms. Large sea - 
□omp osting operation cill have to be ponductad so that. 

( a ) The operation is in a thinly inhabited areaj 

(b) Final drying is carried on in areas separated from 

(c) High stacks are utilized for disposing of the 
rro sture vaP Q ^ rs $ and 

(d) Moisture vapours produced are recaptured.! 
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Incineration 

Design of incinerator requires export knowledge in 
this field or else it uill cause a lot of air pollution- 
principle features are? 

1. Charging Apparatus? Mechanical or Automatic,: 

2.1 The furnace or Primary chamber (Refractory lined).! 

3.1 The combustion or Secondary Ch-amber, 

4*1 Chimney or stack (Forocd draft reduces the 
Chimney height)*! 

■Hand stoked grates uill susually burn 40 lb,!/hr. ! while 
the other types uill burn up to 70 lb./hr.i 

Travelling grates are often rated at 300,000 Btu./ 

(hr.) (sq.ft.) Temperature in the bed of burning refuse 
may roach 25000 or more,: Excess air is required to hold 
the temperature at 1400-1300 °F» ; Abo vs 1800 Op . sing formation 
rray become a problem. 

For good incineration, it is necessary to have independent 
control of the following? 

1.1 Rata of fuel consumption or heat liberation. 

2. The composition of the final gas. 

3. !' The flame length uhich do fines the volume in which 

combustion is taking place. 

Sou rce s o f S mok e 

1* : Insufficient Air 

2.1 Excessive Agitation of the fuel bed 

3.1 Volatile matter distilled too far 



4,j Too small or too cold furnaces 
Design could be imp roved by 

1, | Furnace Draft Adjustment 

2, : Type of Stoker 

3,1 Types or combustion control 

Advanc ed Incinerator Concepts 

1,j Slagging incinerators wherein the residue is matted, 

2*1 Systems using a fluid-bed principle, 

3, | Systems using the pyrolysis principle. 

Pyrolysis appears to be wary promising. It is not' a 
waste disposal process but a waste transformation concept® 1 
Although some volume reduction is accomplished, the primary 
effect is to transform a heteroganous, unstable and difficult 
to handle material into a low Btu gas and liquid steam and 
a storable aha material. ' 

Salvaging 

yhenever possible, recover and rous 'valu able materials 
from the waste. This may not be easy and many projects havo 
been undertaken to do it effectively,' 



SGLID WASTE MANAGEMENT 


IN 

■.GREATER BOMBAY 

F. A*. ATTAR UAL I A? 

INTROD UCTION:. 

Solid wastes, like any other wastes, are a result -of 
human activities. With rapid urbanisation, industriali- 
sation, increase in population, increase in standard of 
living and incssant migration to urban areas, the 
collection, handling and disposal. of solid wastes- in 
metropolitan cities has become a problem of worlcP-wide 
concern^ 

Greater Bombay, the most affluent city in India also 
faceds the mightmare possibility of its teaming millions 
strangling in their own excrement and garbage. 1 With the 
georgaphic and demographic growth of the city, the 
quantity of refuse which was 300 tonnes/day (TPD) a 
century ago, stands at 3000 TPD to-day. The, magnitude of 
refuse gan ration can be appreciated by the fact if the - 
annual refuse produced by the city were stored in a sky- 
scraper of 700 m 2 base area, it would reach to a third 
of the height of Mt. 1 Everest. 

The gigntic task of collection, handling and ' 
disposal of solid wastes of Greater Bombay ( GB) is ran- 
dared by the Cinvervancy Department of the Municipal 
Corporation of Greater Bombay (GOB) a s a unit of the 
city Engineer* s Department and discharges its function 
as laid down under Section 61 of the Bombay Municipal 
Corporation Act No,! Ill of 1888, through an organizational 
set-up of 16,000 persons comprising of various oadres 
of supervisory and labour staff*! 



I, | OR GANISATIO N: 

As per the Act, it is incurrbebt on the Corporation to 
rrake adequate provision by any means of measure which it is 
lawfully competent to them to use or to taka for each of the 
fol lowing 

1*5 Seavenging and the removal and disposal of excremanti— 
tions and other filthy matrers- and of all ashes, refuse 
and rubbish.'! 

2, 1 Cleansing of public streets. 

In order to adequately render the services broadly 
outlined above, Greater Bombay is divided into 30 conservancy 
wards. Each ward is under the control of a Supervisor. The 
work of three to four supervisors is looked after by aft 
Assistant Head Supervisor (AHS).i There a ra two A. : S,' Ss in the 
western suburbs and two in the eastern suburbs- and they are 
responsible to their respective Deputy Head Supervisor are 
directly responsible to their respective Deputy Head Super- 
visor are directly responsible to the Head Supervisor (HS).I 
The H.S, assists the Deputy City Engineer, who remains in 
overall eontrol of the Department and is responsible the city 
Engineer, Dy. Municipal Commissioner (Zona II /) and the 
Municipal Commissioner. 

Under each Supervisor, there are four to five section 
3 r, 1 Overseers (30) and one motor loading O.iO.i in each shift. 
Each section □ • 0 «i has two mukadams and sixty scavengers. 

The section mukadam h a s about 15- beats. Tho best area 
depends on the condition ;of the a rea- whether congested or 
sparse, compact or scattered. A be a t of two persons- a 

• • O 

sweeper and a picker ranges from 30 0 0 to 6000 m for the 
city area and 6000-10000 m 2 for the "suburbs. The bc a t is - , 
swept normally twice and at certain places in the city even 
three to four times a day. About 6000 sevengsrs ara 



employed for this wo rk. 1 -Loss frequented roads in the 
interior and in villages are swept once only.' 

The motor loading work is under the assistant mukadam 
with six motor loaders who move with a vehicle as per the 
programme and clean up dumps and sheds. About 4000-5000 
motor- loading staff is employed. According to the intensity 
of deposits, clearance is given once jfi tuics a day. I £ or 

II. 1 QUANTITY and quality of refuse 

. 0n on average, about 0,5 k§ per persons per day of 
refuse is generated in G.fB.i This comes to nearly 3000 TPD.! 
Not all of this refuse is presently collected under the 
existing conservancy system. In suburbs and extended ,i ■ 

. . Y * • ' r ■ - ;V . 

suburbs, there being open- spaces, refuse is many times not 
coll- cted in receptacles provided for the purpose but is 
being disposed by the residents in a way prefer. But still 
about 2500 tonnes of refuse is bshg collected. 

Refuse is of heterogenous nature. It varies from 
sQasons to season and from ward to u a rd» The standard of 
living and diet' ary habits too influence the physical and 
chemical characteristics of refuse, 

-Tabl e 1 _l Gives the characteristics of Refuse of Greater 

Bombay ,i 

Table. 2:, gives the chemical characteristics o f refuse of 
GB.l 

La-blp__3 J, gives the daily tonnage of refuse removed from 
different uards in peak and loan season,! 

Table . jfe. gives the locality-uise charact aristias of 
refuse of GB.l 

Widespread practice of tatting reflects in the fact 
th a t refuse deposited in dust bins or at storage points is 
not the refuse arriving at dumping grounds. : 
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La b io 5_ : shows the physical analysis of. refuse ' collected . 
frorr dust bins frotr 3 sites. 

A study of the table reveal that: 

l.i The higher income group residential . ar r as and * 

commercial areas in Fort show a high pepor, metal and 
plastic- contont. . 4 : 

2*i In general, the refyse has high moisture content even 
in dry seasons because- the cityVs refuse com&s mostly 
from house gullies in the city and from open drains in 
the suburbs where it comes into contact, withwater or 

sullaga. In uot seasons, the refuse is almost drenched,-- 

■' ■-<« ■ 

3, | The market areas shou a largo percentage of garbage,. 

loavos ctc .,1 y '-fv 

4, j Due to largo amount of totting of paper, glass, metal . 

and plastics, their quantities are low in the refuse 
arriving at dumping grounds* 

5, | The colorific value is botueen 4650 KOI / kg to 16350 

kj/kg but is generally less than 9300, kj/kg. ; This 
docs not givG a slef-sust aining tomporaturo in the 
incinerator. Refuse from Fort area is bound to give 
a higher value and the same is valid for the refuse 
from hospit als (5) , 

The industries in Bombay normally have thsir oun 
arrangement for disposal of industrial wastes. Certain 
wastes like ash, offal etc, : can bo disposed directly at the 
dumping groundsuitch the permission of the Corporation,! 

No detailed chemical analysis of GB refuse is available 
however, some ganral points, that can be observed areS 

1,| The moisture content of refuse from low income areas 

would bo high because of an ill- do fined storage place for 
refuce, which therefore inadvertantly gets mixed with 
sullaga water etc,; 
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2,i The refuse from market dreas duo to high organic 

matter and moisture- content purifies rapidly in thu 
climate of the city and therefore snould show PH in 
the acidic range. 

3, Thu refuse has an average compostable portion of S0%»> 

XXX.: STORAGE . AND COLLECTION fETHODS :, 

Different types of bins of metal or con crctu.'an d of 
different shapes- rectangular or circular, arc being 
provided at selected points. 

Table 6:, shows typo a n : d number of receptacles provided in 
the"' city and suburbs. The- household refuse is oithar 
stored in buckets or some type of bins. Standard capacity 
bins of fVS. according to ISI 1495J 1959 aru sometimes . 
provided.' Comrarcial uasto is. oithc r deposited in the 
roads debins or simply put on the ro a d by the side of the 
establishment. Certain industrial and slaughter house 
uastes come directly to the disposal sites from the source. 

The refuse suept from public streets and collected 
from premises, public bins and dumps is transported in 
conventional type- lorries. Tho refuse is simplex dumped in 
it and carried to the site. About .250 lorries are used 
p-r shift in two shifts of eight hours bach. 30$, of these 
unhides are to the -Municipality, the remaining . are t aken 
.on contract. Thu former are close -bodied vehicles while 
the latter are open- bo died. Trailers are also so notifies 
used. Refuse is transported from Mahalaxmi to Dconar, a 
distance of 29 km., by railway wagons and two engines aro 
used in two shifts to transport 30$ of the refuse per day. 
At a time, 17 wagons arc inadequate MahalaXtfi, 17 are boxng 
unloaded at Doonar and the remaining 17 are on the way back 
to Mah alaxrri*' 



L-and fill method of drsp osal of garbage in GB has been in 
vogus prior to th B inception of the Bombay Municipal' Corporation 
in 1888.1 A committee then appointed to -study tha proposal of 
disposal of refuse cither by incineration or landfill, opted for the 
latter. A plot of 330 he uas therefore acquired, na a r Chombur at 
kurla and Khaji Islands and refuse uas transported' by train and 
dumped there.' This method still continues 3 nd about 205 ha. h a ve 
already been reclaimed of which about 123 h a are already 
develops d in setting up. I housing colonies and Dconar Abattoir - * 
the largest ©laughter house in Asia. 

Uith the merger of suburbs a nd extended suburbs in 1950 
and 19 57 respectively, the quantity of refuse increased and 
therefore additional low-laying plots were acquired at M a him, 

Malad, Borovili, Andhcri, Ghatkopar , and Mulund, for disposal by 
landfill method. 

La&kP, Is. gives the details of the various dumping grounds in GbJ 

JU. gives the amount of daily refuse being dumped at ‘Various 

sites.' 

At the dumping grounds, use of bulldozer is made for leve- 
lling and cimprossing refuse*] Uith a n ■ averago filling to 2 mtr.J 
about 1J5 ha.i are .developed per day by dupping 2500 tonnes per 
day. ; Non- a vai'l a bility of inert covering material 2uke ; murram, 
ash, debris, earth a ct. ; , Motoreblc roads on the dumping grounds 
have decreased the possibility of rofusc: vehidos getting stuck 
during the monsoon. 


A pilot incsncrator plant of 10 TPO capacity, with auxiliary 
firing (oil) arrang errant and fixed convention al grate, was 
installed and comrisson d in September 197 4, to study the feasi- 
bility of incinerating city rafuse, The entire plant cost about 
Rs* 2,3 lakhs. 

The studiss carried out so far in burning market refuse 
have rscaalsd bhgt even with 30;^ moisture content in the refuse, 
continuous oil firing is necessary. Due to the present ail 
crisis and the high cost of furnace oil, the incineration method 
is not found to be economical proposition as compered to the 
3 xi sting 1 an ch filling method. 

U-RE SOURCE RECOVERY? 

The vast and - growing amounts of solid waste generated daily 
in our cities represents a resource of uhich no use has been 
found. Some of the resources available from mixed Municipal solid 
uastes are shown in Table 9, : This means that we must now add 
such concepts as ‘‘refuse of resource materials” and” sequestering 
of resources” to the traditional definition of solid waste 
dispose!, based on either destruction of, or a finality of 
concern, for the residues of resource exploitation. Tfcius solid 
waste disposal no longer implies getting rid of material. It 
concerns instead how residues of one cycle of use become the 
building blocks of a new cycle analogous, perhaps to the cycle 
of biological growth and decay in nature. 

Tremandous progress has been made 'in thsse lines in U.S.A. 1 and 
other countries,' Various ' processes for comp osting have also been 
developed in India. A review of the literature shows that the 
conventional systems for resource recovery are mainly two: (i) 

Heat Recovery incidnerators, and (ii) Mechanical Composting 
Plants. The former has been developed and used in several 
countries notably : France 1 : III Germany (8) Switzerland (9) 3apan 
(l$ and U.S.A. (l-t),*' 
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These systerrs are designed to burn mixed rrunicipal wastes and 
recover the heat energy, usually, in for four of stearr. The uaste is 
burnt is large, furnaces equipped, with moving greates. Conventional 
tubs boilers and water-walls convert the he 3 t into steam. In some 
cases, part or all of the stem is converted into electricity, 
using conventional stearr power plant equipment,' As already mentioned, 
Bombay refuse contains high mosture and is of low calorific value, 
thus heat recovery incinerators are not an economical proposition, 

• ... The production of compost from mixed municipal wastes has been 

practised -both in India and other countriss-since a long time. 

Compost is useful as a soil conditioner. It improves the structure 
od clay and other hard soils, and increases moisture holding 
capacity of soils. The Indian refuse and typically the Bombay 
refuse is highly amenable to composting because of large organic 
content. In metropolitan areas, mechanical compositing plants are 
suitable- because they save time and sp-ace. Many uestern processes 
are available, but an inter-mediate degree of mechanisation uill he 
suitable for pur cities, k p ro j e ct to set uo a 300 THO mechanical 
compost plant is proposed as a Joint venture with the Stats 
Government and a private firm for the city of Bombay*! Negotiations 
are in progress with Central and State Governments for finance and 
for assurance for sale and distribution of compost ex-plant. 

Many advanced processes like the Black Clawson com ( 1 2) 
a nd the U.iS.i Bureau of Mines (13) for material recovery, the 
Horner Shifrin System ( 1 4) the American tharemogen, Meltzit 
Incierarot (15) and the CP0-40Q of the , Combustion pouer Co,! ( 16) 
for energy recovery, pyrolysis systems of Garret Research and 
Development Co.i (17) Monsanto’ s Enviro-hem (18) and H a rcules Inc.' § 
(49) for obtaining oil or gas, and other chemical conv a rsion 
systems which convert the- callulosic portion of the uaste by 
□ hydrolysis ( 2 ) hydrogenation (2l), uat oxidation ( 22-23), photo- ■ 
dsgration and ahserobic digestion( 24, 25, 26, ) into, usable products ? 

.4 

have been developed. 1 § 




Some of this processes are in conceptual stage, some have been 
tested in laboratory equipments, uhile some have bfcen tested on 
pilot, plants. Recently pyrolysis units have.beoput up on commercial 
stream. Until the viability of these systros are proved, their 
implementation has to be cautious. 

I/I . E CO _. N0 i^I CSt 

For the removal of 2500 tonnes of refuse daily the MCG8 
spends about is. 7 cro res annually. This comes to about Rs,- 9.50 per 
capita and about Rs. Q 2/- per tonne. Approximate break-up of this rat 
is as folloust- 


CollGction charges...... 

Transportation including 
loading & unloading.*.*. 

Oispo sal. 


Rs.i 35/- par tonne.! 

Rs »: 45/- n n 

.... Rs.! 3/- " n 

Total Rs. 8 3/- " 51 


.If the refuse if disposed by incineration, without involving 
the element of collection and transportation, the cost calculated 
for the 10 TPD pilot plant works out the as Rs, 1 90/- to Rs. 120/- 
por tonne. Typical costs for sanitary land- filling are Pa. 42/- 
pertonne (See Fig. 4 and Appendix B) and Composting are Rs*- S0/~ 
to Rs,: 70/- per tonne. 

Materials Recovery is unsuitable for Bombay refuse because of 
low contents of plastic, paper and matals. Pyrolysis of solid 
wastes seems an attractive altarnative for disposal of sllid 
wastes and further uork on Bombay refuse is required to prove its 
economic viability,. 



S OCIC- ECONDrniC PROBLEMS: " • ** 

Cl' Litter,! 

The potential sources of litter are: 

( i; AiCoas near refuse uma visited by pickers or stray 
anirrals, 

( j.x) Inconsiderate throwing of susopings frorr commercial 
e st abili shtront s when they open in the morning. 

(iii) Hawkers and l/endors, 

. (i v) Bus stops and Bus* Chokies: 

(v) House gullies and open chouks.d 
(vi) pedstrians habits, 

»*,c least to minise the Magnitude of the problem due to latter, 
strong legislation and effective enforcement is required. 

Civic Sence* &* E duaatip.n. . 

! ho. problems of Solid Waste M an ag c ire nt , therefore, a re of 
,•1X3 r, ypes- the technical problems and so ci'd-e cotto mi c problems, r 
-existing technology, management of solid waste activities by 
txaxncd engineers would solve the first problem. But to keep the 
environment clean requires not only the solution of technical 
problems but also the public acceptance, co-operation and 
p L.rtx cx potion, After all, every individual contributes his mite to 
generation ci cu lid waste, L, u, should also be disciplined so as 
nub. to pollute his environment. To do this, educational techniques 
and media like postors, publicity leaf loots, films a nd cinema 
; -hcs snould be prepared emphasising various sppccts of keeping 
1 :I,J -■ nvriement clean. Services of leading cartoonist should be 
: ' n.,.i3CQ d for the purpose. Educational lo a fle ct s should be 
distributed to householders, ' to techers and children in school, 

ce those at their places of work.' Talks, lcoturcs and films shous 
./ay bo given In clubs, youth organisations, school a nd community 
centres by both exports and well informed laymen, and articles in 
kiiu press — - a ;d '. s | 
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and radio and T. V. programmes tray also bo used to impart 
information and stimulate thinking and discussion. The detailed 
ops ration of the solid uiastu education programme should be 
handled by the professional and technical staff of the sanitation 
depart rnent. and in" particulars! by the Solid Waste Management 
Section, 



In this brief study of Solid Uasto Management, the areas 
where there is a scope for improvement arc pointed out. Unless 
there is whole- hearted participation and support of every citizen, 
who realises his social responsibilities, no affective solution can 
be found to tackle the solid uasta problem. The importance of 
proper education programmes and campaigns for clean cities together 
uith bold legislation and effective implementation of this 
legislation, needs no emphasis, 
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phvst C.1L hhaRjiCTEr i st i cs or.^FM^ Ar_^B&agOffiSa3t, 

( EXPRESSED IN % BY UEIGHT OF REFUSE EXCEPT BULK DENSITY) 


Constituents 


Ays rage Values 


Paper, Newspaper, Hardboard. 
Wood Chipe/uoo d.! 

Baggase. 

Plastics.! 

Straw, Dry Leyes, 

Coconut Snelle, Fihras« ; 

Co al . 1 

Bag* s, Textiles 
Garbage** 

Leather.' 

Bancs, Egg Shells Etc. 
Rubber 

Inert Matter 

G1 a s s . : 

Motal s »! 

puii st u re Co nt e nt . 

Bulk Density.! 


2.40 

#1 

4.67 
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0.00 

1 
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6 , i 60 

■ i 

1 .'20 

.! 

« 

CD 

• i 
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0 .|07 
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0 *:9 0 

■ i 

•i 

6.80 


0.157 

.! 

0*26 

.j 

580,117 

. ■ 

207.133 

Kg/rr- 


* The fiqures giyen in this table are based on analysis of refuse 
s air- pi as collected froir trucks reaching Dhareyi Dutrpmg Ground.' 


** Garbage includes Food waste, fruits, Vegetables, Flowers etc*; 
It err not included in a bo y e listed constitutions.. 


TABLE- 2 


CHEMICAL ANALYSIS , 

OF REFUSE OF GREATER BOMBAY ( 1) 

: (Expressed as 

% on dry ueight basis') ' ■: 

Item 

Percentage 

Q 

... 31,. 40 

N (as N 0) 

0.754., 

2 

P ( as p 0 ) 

0. 58 4.- 

25 

0.79 a.- 

K (as k 0) 

* '■ ' 

2 

, ' .* ; 1 ' ’■ ; 


' .. TABLE- 6 . . ; 

TYPE MID NUMBER 

OF REFUSE RECEPTACLES* IN G. B. . 


Type 

, Number 


City Suburbs 

She ds. 

92 10 

Refuse Trailors.: 

18 - 

Refuse Bins: 


Rect angular. 

430 ' * 2035 

Masonry. 

44 . 617 

Tilting. ; 

10 2- 6 2 



* t& - 
TABLETS 


TOTAL TONNAGE OF REMOVED DAILY, UAH D\JI SE IN GB. 



Uard 

Area 

in 

Sq»: Ktrs. ! 

Popul at ion 

total Tonnage of 
( April— Po ak 

Oct.) Season. 

Dune 1975) 

refuse resrovad 
Loan Season 
(Nov., March 
(3 an. 1976) 
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11 *41 
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2. 46 
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INTI T Y 0 F ' RE FU SE DEW PE D QT UARI O. U S' PUSHPIN G GROUiM P S 


Place 

■ . -* 


Quantity 

Dharavi 



1550 

Tonnes „• 

Deonar 



600 

Tonnes 

Mai ad •• 

' i ■ h ■ - 

i 

250 

Tonnes *• 

Boriv/li 



50 

Tonnes ,| 

TOTAL: 



2500 

TONNES 


table ($) 


TYPICAL RE SOU I 


iOM MUNICIPAL REFUSE 


RE CY CL ABLE M ATE RI «\L S 


reclaimed materials 


Papsr 
PI asti cs.i 
Forrous Metals 
Non-ferrous metals 


Misoellsnous 

materials*! 


; :> / ■ ' . 






If w 

■\ Date *..*,*w~ V 

^y y 


• Heat 

Electricity 

Compost. 

fUol 

T ar i 

Ch ar 
Protein 
Msth ana • 

Glu co so 
Ye ast 

Other organics, 
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